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DISEASES CAUSED liY FILTRABLE VIRUSES, 
RICKETTSIAE, OR ALLIED ORGANISMS 


Cfiopler XXIII 

YELLOW FEVER 

Progress m the study of yellow /ever m recent years has beeit due par 
ticularly to the fact that a number of eflicjent workers have been wjliing to 
devote their energies for a penod of years especially to the study of this 
disease The danger of the spread of the infection especially tbroueh 
infected mosquitoes has made it imperative that etperimental work be 
carried out in special laboratories and with proper precautions 

Dr A W Sellards has been conducting his studies upon yellow fever 
at Hart ard Univcrsitj and abroad since 1917 and has become an outstand 
mg authority upon the subject Therefore it « especially fortunate that 
he has been willing to prepare the present chapter (R P S 1 

Introduction — Yellow fever u one of the more complicated of the 
infections of man but many of the essential features of the disease are 
well understood more especially the typical pathology the characteristics 
of the causative virus its behavior m man and m the mosquito vector 
many of the details of the mOde of transmission by /lerf« aegypli and the 
interesting effects which the virus produces in animals Heginning in 
j88i and continuing for nearly 20 years Finlay conducted observations 
and many human experiments which led him to conclude that the aegypti 
mosquito transmits yellow fever In 1S98 Carter w orbed out the approxi 
mate limits of the extrinsic mcabatron penod but w tth no thought of 

insect transmission Another period opened in ipoo when Reed Carroll 
Larear and Agramonte by infection of volunteers demonstrated for the 
first time the essential features necessary for successful transmission by 
the mosquito A aegyplt In theit investigations concerning etiology 
Reed and his associates supplied convinangeiidence that yellow fever is 

a virus disease In igrS many laboratories undertook extensive cxperi 

mental investigation when the susceptibility of the rhesus monkey was 

reported In ipyj a procedure for the immunization of man was intro 

duced m order to utilize mass vaccination as a method /or the control of 
yellow fever In referring to the hteralure in this chapter it. is not 
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feasible to include the many valuable articles of a confirmatory nature 
but a careful effort has been made to select the original observations 
One may await with interest the developments concermng the existence 
of yellow fever in the wild life of the forests Climcally the treatment of 
yellow fe\ er remains in an unsatisfactory state in that no specific therapy 
IS available once the infection has become established 

Synonyms of importance — ^None 

Designation in other languages Ficvrc jaune (Virus Amanl) Febbre 
Gialla Fiebre Amarillo Gelb fieber 

Defimtion — Yellow fever is an acute infectious jaundice caused by a 
virus which in the typical epidemics of oties is transmitted from man to 
man by the mosquito A atgypu Fatal cases show an extensive necrosis 
of the liver which tends to be mid zonal in its distnbution Recovery is 
accompanied by the development of a lasting immunity 

HISTORY AM) Geocraphical DiSTRIBUTIO'I 

Histoncal — Carter (1931) allnbules the first defimte description of 
yellow fever to Lopez de CogoUudo m Yucatan m 1648 whereas one finds 
the first clear recognition of the disease in Africa in Schotte s account of the 
outbreak among the Dntish troops in Senegal in 1778 However there 
IS much evidence which indicates that Attica may have been the original 
home of yellow (ever Presumably both the virus and the insect vector 
(/I atgypti) were brought to the New World during the days of the slave 
trade On entomological grounds the aegypti mosquito appears to be 
an importation into the New World since there are many species of 
mosquitoes more or less closely related to 4 aegypti in Afnca but there 
IS no other member of the subgenus Stegomyxa which is native to the 
Ymencas Carter (1931) a lifelong student of yellow fever concludes 
that the biological evidence though not conclusive is altogether m favor 
of an African origin and that the available historical evidence is cntireh 
consistent with this vaew In former years senous outbreaks of yellow 
fever have occurred in southern Europe and m the Americas The 
United States has experienced numerous severe epidemics notably the one 
occurring m Philadelphia m 1793 another centering m Memphis in 1878 
and that of 1905 in New Orleans but this is usually considered as the 
last one that this country need expect The period is almost forgotten 
when with the coming of the summer months outbreaks might be expected 
in our southern states The opemng of the Panama Canal caused for a 
short period some serious apprehension that the increased traffic across 
the Paafic Ocean might lead to the introduction of yellow fever in the 
Orient The geographical dtstnbution of yellow fever does not correspond 
with the distribution of Us vector 1 aegypti The Orient with its suscep 
tible population and its abundance of suitable mosquitoes has at all 
times remained free of y cllow fev er and for Uu» good fortune no ciplana 
tion IS forthcoming Dengue fever is earned by 4 aegypti in essentially 
the same manner as yellow feaer and dengue is prevalent not only in 
Europe and America but also throughout the Onent 



§74 


mSTORY AND GEOGRAPHICAL KSTROtfllON 


The data based ob the clinical diagnosis of )eiIow fever indicated 
tbit the endemic foci ^ere hmited to a fcvi restncted areas m West 
Afnca and m South Amenca The application of a practical laboratory 
method of diagnosis revealed two vast endemic zones that had escaoed 
detection -^eiier (1930), Tsorking m the Department of Tropical 
Jlcdicjne at Harvard introduced protection tests m mice Convalescent 
serum even many years after an attack of yeUow fever, neutralizes 
virus s^cally and affords proiectwn to mice against an othenvise 
fatal mfectiw This immunity test was promptly adopted by various 
workers in England Belgium France and more especially on a very 
extensive scale by Sawyer and associates m the Rockefeller Founda 
tion In Africa, the endemic zone was found to extend eastward more 



than 3 000 miles to the upper Nile with the Sahara Desert forming a 
barrier to the northniird (Sawyer ct al 1937) The second zone was 
discovered in Brazil along the Amazon basin {Soper, 19-37) and includes 
important areas of some of the neighboring countnes notably Colombia 
and Venezuela In some unpublished observations Strong m 
demonstrated the occurrence of ydiow fever m Peru under syivatic 
conditions Some of the regions which have been recognized by imomniu 
tests are frequently spoKsn of as silent foci" but this interpretation 
should be regarded with reservation With increasing opportunities foj- 
clinical observation typical cases of yellow fever have been observed m 
some of these so called silent areas and fatal cases undiagnosed during 
their illness have been recognized aC autopsy 

The potential menace of these vast endcntic zones eontr^ts rather 
sharply with the recognized cases as sho«n m the accompanying map 
from the League of Nations 
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The SPEaric ETtoLOCif A«jEnt aso Its I EovERUFi 
The fact that jellow fever is caused by a virus which readily pas'^es 
bacteria proof earthenware fillers was demonstrated convincingly in 1Q02 
by Reed Carroll Agramonte and Laaear of the Army Commission in 
Cuba (Senate document tgti) and by Marchemx Salimbcni and Simond 
(1903) of the French Commission in Brawl No new evidence concerning 
Ktrabihty was added until Findlay and Broom (1933) lAing Elfotd s 
technique of ultrafiltration assigtied a probable sue of 17 to «8pu to the 
vims particles The siras is sensitive to physical and chemical agents 
It 18 readily killed or at least rendered non infectious by drying by heat 
and ch« mical disinfectants \ temperature of ss for 3 or 10 minutes is 
often sufficient to kill the virus (Reed et al Matchoux et al) Suspensions 
of virus in saline may become non infectious mthin a or 3 hours at room 
temperature but a little ptotein (to% of eruml will prevent this rapid 
deterioration (Bauer and "Mahaffy iq^o) The v trus is readily preserved 
in the cold and infective tissues remain virulent for manv months if stored 
at a temperature a little bclou o C 

The dBtigenic properties of the virus ate evident inasmuch as immunity 
and a highly protective serum develops as the result either of an snappar 
ent infection or a serious illness Much effort has been spent bv several 
investigators on immunity reactions tn uirp such as tests for precipilins 
and complement fixation Tlie results though of theoretical interest 
have not aehieved the status of a practical procedure 

In the etioogic era of bactenolofy vanous microorganivms were 
described as the specific cause of vellow fever Chief among these was 
Scptospira teUreides obtained m 1919 by Noguchi (19257 from ca«es in 
Guayaquil which h** considered to be vellow fever For nearly a decade 
this leptospira was accepted as a di tincl species and regarded as the 
specific cau «. of > ellow fever This conclusion appeared to be adequalelv 
supported by the strikingly favorable re ults reported in serum treatment 
and in vaccination More than 20 000 individuals were v accinited with 
killed cultures of leptospira and the statistical data indicated pecific 
protection against > ellow fever but these vaccinations mav intact have 
afforded protection against Weils disea e The author (ktllards 19277 
concluded that yellow fever is not caused by anv species of leptospira 
The tno quito l?J« aegypit docs not transmit leptospira to man or to 
susceptible animals by Us bile (Gay and Sclbfds 1927) L teterotdes is 
identical with / tcUrohatmorrnaitae which in turn is a synonym of 
L inferrogans the name which properly applies to the fecific cause of 
\\ eil s tvpe of infectious }aundice (^lards 1940) 

PAtnOLOCIf AND pAtaOCEM-SK 

fhe yellow color of the sclerae and the skin usually becomes quite 
distinct with the blanching of the skin after deaih llaemorrliage mto 
the stomach or intestines with extreme darkening of the blood affords a 
stnbng picture but this mav also occur in leptospiral jaundice The 
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liver about normal m size may be red from extravasation of blood or 
very yellow because of fatty degeneration, but the question of necrosis 
cannot be determined with any degree of satisfaction by gross examination 
The essential lesion is a necrosis of the liver which in its earlier stages 
IS frequently though not always nudzonal in its distribution but this 
characteristic often becomes obscured by widespread involvement of the 
lobules comparable in some measure to acute yellow atrophy The 
destruction of liv er tissue affords an adequate explanation for the immedi 
ate cause of death The pathology in rhesus monkeys {Macaca mtilalla) 
IS essentially the same as in man Amorphous acidophilic degenerations 
were reported by Torres (1928^ in the nuclei of the liver parenchyma 
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Although the vuus of jellow fe\er is bighl} neurotropjc patients do 
not de%e!op frank cerebral S3Tnptoins nor anj e^tensue lesions of the 
central nervous sj-stem The blood braia bamer is vrell de\ eloped in 
the adult but it is much less effective in children If the central nervous 
s>' 5 tem were invaded hj the varus the rapid necrosis of the liver imght 
mask the more s1ovt1> developing lesions of the brain or conceivablj a 
rapidl> developing immumtj might check the infection These concep- 
tions do not seem quite adequate and the marked neurotropism of the 
virus invites attention to the possibilitj of re investigating the sjTnptoms 
and lesions of > ellon fev er especiallj m infants The neurotropic v irus of 
jellow fever when inoculated intracerebrallv in the monkej leads to an 
acute disseminated encephalom>elilis with necro is of the sensory and 
motor ganghon cells and the development of inclusion bodies (Good 
pasture 1932) 

The virus presumabl) is obhgatelv intracellular m its habitat but the 
site of the initial lesion and the tissues in which multiphcation takes place 
IS open to conjecture InXcctiv e blood of moakej $ maj contain vims in 
dflutions as high as i to 50 000 000 or even 100 oec 000 and m moDke)-s 
the VITUS penetrates cell free and almost protein free fluid such as the 
aqueous humor of the e>e (Sellards 1930) 

Some of the features m the pathogenesis of >elIon fever have an 
mterestmg bearing m regard to the symptomatolog> and treatment of the 
disease Rapid and extensive necrosis of the liver from an> cause leads 
to abnormalities m the composition of the unne During the epidemics 
of jellow fever at Dahomej and Dakar Pichat (1929) examined more 
than 3 000 specimens of unne During the first two days of illness the 
amount is usuallj abundant but the chlondes dimimsb rapidlj Toward 
the end of the second da> albumin appears m traces and increases to as 
much as 10 grams dailj In severe cases peptones are excreted in the 
urme about the fourth daj of illness and increase until death In Dakar 
on ward rounds we frequently observed patients whose climcal progress 
appeared to be reasonably satisfactory but on visiting Pichat in his 
laboratory he could quite accuratelj predict a senous prognosis in those 
showmg a marked pieptonuna The appearance of bile pigments in the 
unne was regarded as a favorable indication The compo ition of the 
unne returns to normal toward the end of the first month of convalescence 
Pichat concluded that jeDow fever can be distinguished from other 
mfections b> the composition of the unne 

The rapid destruction of hepatic pKirenchyma lead* to senous dis- 
turbances of the carbohjdrate metabolism The exact chemical studies 
m expienmental jellow fever bj Wakeman and Morrell (1931) demon 
strated ahjqiogljcaemia with legulantj a depletion m the glj cogen of the 
hver and an impairment of its gljcogeiuc function The hepatic lesions 
might al 0 lead to an increase in the guarudme hke substances m the 
blood and a shght increase has been reported in monkej-s (Findlaj and 
Hindle 1930) and in man (Berrj and Kitchen 1931) The changes in the 
values for blood sugar and guarudme would be consistent with the mus 
cular twitchings and the gastro-intestinal lesions occurring in patients 
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liver about normal in size may be red from extravasation of blood or 
very yellow because of fatty degeneration but the question of necrosis 
cannot be determined with an> degreeofsatisfaction by gross examination 
The essential lesion is a necrosis of the liver which in its earlier stages 
IS frequentlj though not always niidzonal in its distribution but this 
characteristic often becomes obscured bj widespread involvement of the 
lobules comparable m some measure to acute yellow atrophy The 
destruction oi liv er tissue affords an adequate explanation for the immedi 
ate cause of death The pathology in rhesus monkeys ( Macaca mulaUa) 
IS essentially the same as in roan Amorphous acidophilic degenerations 
were reported bj Torres (1928/ in the nuclei of the liver parenchyma 




and these occur abundantly m the monkey and less frequently m man 
These nuclear changes have al>o been described and illustrated by Cowdry 
and K.itchen (19 10) and though not pathognomonic they are of supple 
mentary value m diagnosis At one period the identity of yellow fever 
m Africa and in America was brought into question but Tyzzer (1928) 
in the study of autopsy material from cases occurring in Senegal and 
Ecuador noted complete agreement in the pathological processes m both 
senes of cases Klotz and Belt (1930) reached a similar conclusion 
and they described some of the less striking changes in other organs such as 
granular and fatty degeneration of the kidneys degeneration and hyper 
plasia in the spleen and petechial haemorrhages in the lungs The 
degenerative changes m the musculature of the heart include the conduct 
mg system (Lloyd 1931) 
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secondary cases began to appeat m rapid succession Of 46 people 
ejpostd at Gray Mansion 45 became infected Tbe one who escaped 
may have been an immune 

With no thought of an insect vector tbe extrinsic incubation penod 
was used in a limited way as the basis of a rational plan for the protection 
of persons living in communities where yellow fever had been recently 
introduced Voluntary isolation camps were formed at a convenient 
distance from any active focus such as the one m 1899 near Jackson 
Mississippi To be eligible for admission to this camp, applicants were 
required to come within a few davs of the appearance of the first case of 
yellow fever in tbeir commumty Carter (tqoo) comments that no 
infections were expected in this camp and none developed 

At this point the investigations in Cuba were continued by 3 Com 
mission of the Umted States Atmv namely Reed Carroll Agramonte 
and Lazear and it remained for them to bnng exact proof of the rdle 
of the mosquito in yellow fever (Senate document tgit) AU of the 
experiments were conducted on voluo'eers obtained chieSy from the 
United States Army and the Spanish civil popuUlion Finlay kmdW 
supplied tbe Cominis«ioB with a strain of 5 lr;nn)yii> mosqwtoe* with 
information about their habits and with the confident assurance that no 
other mosquito need be considered Tbe volunteers were isolated near 
Havana at an experimental station which was subsequently known as 
Camp Lazear after the death 0! Dr Lazear from yellow fever The first 
9 men remamed well after being bitten by mosquitoes which had fed on 
yeUow fever patients Dr tiidav expressed full conndence in his con 
dusioBs and that some change m the expenmentat conditions would 
explain these failures Fight of these 9 men had been bitten by only one 
mosquito with the incubation time in the mosquito varying from 2 to 
ro days In tbe next expenment Dr Carroll who had been isolated 
except for tv, 0 visits to the endcime zone was bitten on diScreat occasions 
by several mosquitoes and one of these had fed on an early case of yellow 
fever 12 days previously A severe infection developed ending m recovery 
and with this encouragement the work was continued with volunteers 
kept la rigid isolation 

Bntfiy, the Comrais-son demonstrated that (1) the Wood is lalective 
for a mosquito only during the first 3 days of a pati<»nt s illness \2) a 
period of approximately 12 days must elapse before the mosquito can 
transmit the infection (3) the mosquito remains infective for the duration 
of ber life These conclusions have stood the test of time and the only 
change has been the addition of details of information Thus the exact 
incubation time in the mosquito is dependent on the weather and may 
vary from 4 or 5 days at 37 C to as much as 3 w eeks at so C though the 
period of xz days may be accepted as a reasonable estimate for ordinary 
conditions Thus the extrinsic incubation penod of Corrfi comprises 
the usual incubation time of nearly 2 weeks in the mo quito plus the 
incubation period of a few da>s m man The unique situation arises 
that the incubation time in the mosqmto was estimated at Orwood with 



878 


TKAtlSUISSIOn 


Mode 01 Transmission 


The early Ulerature contains vague suggestions concerning a possible 
relationship between insects climate and the spread of yellow fever 
In the epidemic of 1797 in Philadelphia Rush (179S) noted that on the 
nights of the 12th and 13th of the month (October), there was a froft 
accompanied with ice which appeared to give a fudden and complete 
check to the difeafe ' In i88r Finlay commenced a series of investiga 
tions on the transmission of yellow fever by a specie^ of Stt^omyia mos 
quito now usually designated as ^eiles fleiy/iti by 1900 he had conducted 
more than 100 experiments on volunteers of whom a small proportion 
developed yellow fever (Selected Papers 1912) Tinlav concluded that 
A aegyph is the vector of vellow fever and advocated measures ai,ain%t 
this mosquito as a practical means of control, he noted also that even 
under apparently favorable conditions fomites appeared to be innocuous 
The e observations were publi^ed m the saentiflc periodicals of the 
New World of Europe and Great Britain but medical authorities m their 
cSorts at control measures continued to concentrate their attention on 
forrutes and on disinfection Finlay's experiments were made under 
circumsUnces which did not exclude natural infection and moreover his 
conception of the mechanism of transmission by the mosquito was incom 
plete In the endemic area of Cuba there had been little or no opportun 
itv to observe and study the unejcpcctcd delay that occurs between primary 
and secondary cases In a region free of yellow fever various observers 
had noted that the introduction of an early case of the disease was followed 
by a period of about 2 to 3 weeks of apparent safety and then under 
favorable conditions secondary cases made their appearance in consider 
able numbers This curious phenomenon remained unexplained since 
it was quite unlike anything known at that lime concerning the ordinary 
infectious diseases Corre aptly designated this delay as the extrinsic 
incubation period a phrase which subsequ«*nt observers have frequently 
attributed to Carter The limits of this extrinsic period were worked 
out with considerable exactness by Carter (1900) at Orwood Jfi sissippi 
and his description of thu locality illustrates the exceptionally favorable 
circumstances which arose for this classical study in epidemiology 


Orwood w rot a tos n or eyfu • hamlet— »t u a neighborhood —an agricultural 
community about n miles Irom the ndroad at Taylor eoasisnng aln ost etclusively 
oJ -ahite people living on their fanns seldom efcser t'lan a mile apart porting their 
o« n lands with Ulle hiring having Ultk wlercoutse with the outside world practically 
all non immune to yellow fever intdbgenJ law ahidiog and welt disposed people who 
aterf at once inieUigent enough to know and honest enough to tell the truth and to 
gmd U.th .lib <b. .Hort. miJb to tnco tb= ..toUoo ot .ooh .„d by 
iSmag m,Lg 10 boot ibt spitod "I tko “'■“'•y o>t,oducri 

One case of yellow lever ol only tmdetate seventy was inUodnced at 
Gray Mansion oneo! thehomesatOtwood A week passed uneventMy 
f,e mentbers ol the household tema.tted weU a second week passed 
and the incident was almost foigotten After an interval of i8 days 
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considerable etaclness without recognizing that the infection was trans 
mitted b> insects The bnibant results of anti mosquito campaigns 
in Cuba and >n the Americas led eventually to a plan for world wide 
eradication ol jellow fe\er and this difficult undertaking achieved a 
remarkable measure of success under the auspices of the Rockefeller 
Foundation with results of permanent \alue in cities of North and South 
America The available evidence from experimental and from epi 
demiological sources indicated at this period that the virus of yellow' fev er 
m nature is limited quite strictl> to man and the one species of mosquito 
Aedes aegypit However in Great Britain Fowler and his associates 
(1916) had emphasized the necessity of looking for sectors other than 
A aegypii and for infections occurring naturally in lower animals a view 
point which has gained ground in recent jears 

Many species of mosquitoes transmit yellow fever by their bites 
from monkey to monkey under erpenmenul conditions U ithin 4 years 
after the recognition of the susceptibility of the ihesus monkey Hindle 
(1933) in reviewing the literature list^ 13 species of mosquitoes in 
West Africa as transmitting the virus by their bites m a more or less 
eSective manner Nine of these species belonged to the genus iedes the 
other genera being £re/»no/iod»/ej C«/et Mansonta ind Anopheles Other 
species and even other genera have been added to this list notablv three 
species of and one of /7demogo|Kr in South America A genteulaJus 
m France and 1 albopictus m the East Indies (Sawyer 1939) The 
neoartic mosquito A tnseetalus occurring entirely outside the endemic 
zones of yellow fever transmitted the infection experimentally but not 
in the efficient manner of 4 aegypit (Bennett et al 1939) In some 
instances doubtful or conflicting results have been reported by investi 
gators using apparently the same technique Successful transmission 
by V arious kinds of mosquitoes under artificial conditions of the laboratory 
does not m itself imply that these speaes are of epidemiological impor 
tance Indeed i aegypti remains as the vector responsible for the 
extensive urban outbreaks of yellow fever The search for other vectors 
has proved to be a lime-consumuig undertaking Thousands of mos 
quitoes caught in the forestsof Brazil were allowed to bite rhesus monkeys 
and the virus of yellow fever was demonstrated in two genera Atdes 
/eHcoc«Zan«fr and //aewago|«j eoprwjjwiw (Shannon ct al 1938) Aneven 
more difficult task has been encountered in the search for an animal in 
nature which might serve either as a susceptible host or as a reservoir for 
the virus The hedgehog has been considered because of its susceptibility 
to yellow fever (Findlay and Clarke 1934) The blood of monkeys from 
endemic zones of yellow fever occasion^y affords protection to mice 
(Findlay et al 1936) Similar results have been recorded by Soper (1936) 
and others 


Efideuiolocy 

The made of transmission of yellow fever affords a reasonably clear 
understanding of its epidemiology In the extensive epidemics of cities 
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primary cases the possibibty of a syhaUC focus deserves some con 
sideration though there is no evidence that yellow fever exists in the 
forest regions of this country at the present time West Africa presents 
some difficulties in cpideimological studies concerning sylvatic foci of 
wifecUon, but the results of investigations there will he awaited with 
interest espeaally in \iew of the opimon that Africa is the original home 
of yellow fe\er Some day infonnatioii may become available which 
imght indicate whether yellow fever is essentially a disease of lower animals 
with penodic outbreaks in man or whether the virus has possibly since 
its introduction to America escaped from its cycle m man and the aegypti 
mosquito to estabbsh itself m other species of vertebrates and arthropods 

Symptouatologv 

It IS customary to state that the mcubalioa time of yellow fev er varies 
from 3 to about 6 days in one instance a period of 13 day s was noted by 
Sifarcboux et al (1903) There is much individual variation m the sever 
ity of the course of the disease with many gradations between the mild 
and the senous cases To refer to the devastating epidemic of 1797 m 
Philadelphia Rush (1798) emphasized that There were cafes of this 
fever fo light that • • • such perfons walked about and tranfacted their 
ordinary bufinefs In 192$ this observation was confirmed ezperi 
mentally when the virus of yellow fever was recovered from patients who 
developed merely febncula of a few days duration During an epidemic 
yellow fever patients present symptoms and signs which are almost 
cUmcally diagnostic in the severe cases With slight prodromata often 
during the night the temperature rises moderately the pulse and blood 
pressure increase and the patient expenences chilly sensations headache 
rachialgia and the attending discomforts of fever The characteristic 
signs of the infection begin to appear early m the course of the disease 
Changes in the urine may occur late in the second or dunng the third day 
Albumin IS found at first only in traces but it may increase so rapidly 
within a day or two that the unne almost clots on boiling A tentative 
diagnosis of yellow fever i» justified in these cases which show this rapid 
increase in the albumin content of the unne Casts are usually found in 
abundance The volume of unne tends to decrease and ohguna may 
become a serious factor 

The temperature remains only moderately high but as the fever 
reaches its fastigiom the pulse rate falls and this disproportion between 
the temperature and pulse is known as Fagets sign The myocardial 
changes rather than the shght or moderate jaundice may quite conceiv 
ably be the signiticant factor re^xinsible for the slowing of the pulse 
rate Prostration is an outstandmg feature and its seventy se» ms out of 
proportion to the temperature and general condition of the patient 
Well marked prostration rather than the classical symptoms of yellow 
fever was an important feature m the duucal diagnosis of a moderately 
severe case m Senegal from which the French strain of virus was obtained 
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the infection is spread rapidly by Uie vector A aegyptx In some of the 
former endemic foci such as the vims was maintained continuouslv 
in man and the aegypti mosquito with no indication of anv other vectors 
or of infections m lower animals This m 4 de of transmission involves 
a delicate balance of factors which at times seems barely sufficient for 
roamtaining the existence of the \irus Thus it is necessary that suscep- 
tible mdinduals must be avatlaWe, the blood of the patient is infective 
only for a few dajs, and the Ufe of the mosquito is short perhaps m 
nature about one month In some of the ulands of the West Indies yellow 
fever disappeared spontaneously 

Frequently evere and even faul cases of jellow fever, if they occur 
m sporadic form, ate not diagno cd conectly the disease lemairung 
unrecognized until it reaches epidemic proportions Jn communities 
opposed to autopsies an lastrument described as the viscerotome has 
been introduced for puncturing the abdomen of the cadaver and removing 
a portion of bver for histological examination This procedure is hardiv 
less objectionable than an autopsv in regions were any postmorten eicara 
ination is regarded in sincerity as a violation of the dead In Brazil 
the viscerotome service has required the support of fcgaluation bv exccu 
Uve decree T he technical orgamzation of this service has been described 
in detail by Richard frp^?) and the difficulties have been emphasized by 
Rickard and also b> Soper (1937) Thus it is customary to pay the 
hi mao performing viscerotom) m proportion to the number 0/ samples 
submitted At times multiple specimens from one person dead of jeBow 
fever have been sent under several hctiUous names and occasionally 
liver tissue of lower animals including avian species have been received 
by the pathologist The outstanding advantages of the service to the 
epidemiologist are evident from the experience of Soper Kickard and 
Crawford (1934I The examination of more than 3S000 specimens of 
liver collected chieflv in Brazil estabbshed the diagnosis of jellow fever 
in 54 cases, and 43 of these came from locahues m which the presence of 
yellow fever had not been recognized 

The ezpenmental evidence concenung the existence of sylvatic jellow 
fever is meager but epidemiological observations in South America 
indicate that endemic zones of infection exist in forest regions where 
sporadic casca occur in the absence of A oeiy^’ti (Soper et al 1933) 
Obviously the infection cannot spread to the small communities near the 
edge of the forest when these are located in areas virtually free of any 
vectors of jellow fever Such indemnity against vectors is not always 
enjoj ed and Burle (1937) has de cnbed an outfareaL of zor cases occurring 
in the ab ence of A aegypix Danger from another source may arise 
when a patient infected m the forest visits a communitj where aegypti 
mosquitoes are present and an outbreak of this nature has been recorded 
CWalcolt et al 1937) Booking backward, one readdy KcaUs epidemics 
of vellow fever m which the ongin stiU remains uneiplamed In rgrj 
Muller and Blai dell reported 56 cases in San Salvador far removed from 
any known focus of infection and without any recognized importation of 
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by the infection of expenmcntal animals Immune bodies de\ elop rapidly 
and may co exist with \irus in the blood but a fatal termination may 
ensue even in the presence of neutralizing antibodies Under epidemic 
conditions the majontj of deaths occur during the first week of the 
disease as illustrated b> the accompanymg table from Hanson s record 
(1929) of the Peruvian outbreak of 1921 


Table Showing Day of Illness oh Which the Gbbatest Number op Deaths 
OCCDUED 


Day of death 

Number dying 
th s day 

Day of death 

Number dying 
this day 

and 


(2th 

S 

3rd 

9 

13th 

3 

4th 


(4th 

i 

Sth 

9 

iSth 

j 

$th 


i6(h 

I 

7th 


iSth 

1 

Sth 


loth 

1 

9th 

1 

ajrd 

3 

leth 

zith 

S 

14 th 

* 


Relapses are rare and convalescence when once estabbshed ordinarily 
proceeds rapidly without indication of any permanent damage to the 
myocardium and without any tendency to the development of complied 
tions such as a contracted kidney or cirrhosis of the liver It is quite 
conceivable that no extensive destruction of hepatic parenchyma occurs 
m patients who recover and who show only a slight degree of peptonuria 
This interpretation is distinctly at variance with the conclusions of Klotz 
and Belt (1930) who emphasize that complete and scarless healing of 
the liver and kidney occurs although these organs must have suffered 
appreciable damage after even a bnef but typical attack of yellow fever 

SuSCEPTIBIUTY OP MaN AND IXIWEE ANIMALS 

During an outbreak of yellow fever there u. evidence of much indi 
vidual variation in the seventy of the infection but the question of racial 
variation is admittedly difficult The facts at hand do not permit final 
conclusions concermng all of the details that are involved but the working 
basis for the epidemiologist is clear In Africa yellow fever has long 
been considered as a disease of the white race and the negro has taken 
little interest in control measures but the fallacy m this interpretation 
lies m part in the mildness of the symptoms sometimes observed in 
children though this feature bas been somewhat over emphasized How 
ever in endemic zones many of the native children develop unrecognized 
infections and as adults their immunity during an outbreak has been 
attributed to natural resistance The error of this conclusion has been 
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Jaundice and evidence of haenroirhages may be expected as eariy as 
tlie foiirth ot fifth day of iUn«ss though ordinarily the jaundice js not 
intense, even m se\ere cases The gums tend to bleed easily on pressure 
and frank haemorrhages may occur m the stomach and intestine accom 
panted bj epigastric pain The stomach contents may consist chiefly 
of blood which almost invanahly turns black giving rise to the so called 
coffee ground vomilus and tbt patients recognize that this ominous 
sign may foreshadow the end of their dltiess Subcutaneous harmorrfaages 



Pic toi — A tnpderalely severe ese of yellow fever with r eov ry seetiiQ Gu^ysgvul 
Ecuador through the courtesy ot Dr Weac slaoPareiaon the occa onottheexiieditioo 
from the Harvard School of Ttop al Me <3 cute to Swth Amenca s 1913 The pulse s 
moderately rapid early n the course of th diseaaebuttberateshowsprogress veslowtog 
as the lofect 00 reaches and passes ts fast g am 

occur only exceptionally and they may appear as petecbiae or as patchy 
ecchymoscs Patients tend to renum clear mentally and often become 
anxious and alert as the symptoms increase in seventy After a few 
days of illness the temperature falls ui a small proportion of cases the 
symptoms remit and a period of calm sets in lasting at times only for a 
few hours after which the tempersture nses again, producing a saddle 
back or bactrian chart 

Even during epidemics of exceptional seventy a considerable pro 
portion of cases recover Some of the higher estimates of mortality 
approach 75% or even 80% but it would be difbcult to obtain accurate 
data which include the mild ca«rs that are difficult ol diagnosis except 
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by the infection of etperimental ammak Immune bodies dev elop rapidly 
and may co exist with virus in the blood but a fatal termination may 
ensue even in the presence of neutralizing antibodies Under epidemic 
conditions the majority of deaths occur during the first week of the 
disease as illustrated by the accompanying table from Hanson s record 
{19 9) of the Peruvian outbreak of 1921 


TAfltE Shovung Day of Illness on Which the Creaiest Number of Deaths 
Occurred 


Day of death 

^ Number dying 
this day 

Day o( death 

Number dying 
this day 

and 


tath 

3 

3rd 


i3tb 

3 

4th 


T4tb 

: 

jth 

*6 

iStb 


6th 


i6tb 

1 

Jth 


18th 

I 

8th 


aoth 

I 

gth 


*3id 

3 

loth 

sitb 

8 

34lh 

* 


Relapses are rare and convalescence when once established ordinarily 
proceeds rapidly without indication of any permanent damage to the 
myocardium and without any tendency to the development of compbca 
tions such as a contracted Udney or cirrhosis of the liver It is quite 
conceivable that no extensive destruction of hepatic parenchyma occurs 
in patients who recover and who show only a sbght degree of peptonuria 
This interpretation is distinctly at vanance with the conclusions of KJotz 
and Belt (1930) who emphasize that complete and scarless healing of 
the liver and kidney occurs although these organs must have suSered 
appreciable damage after even 3 brief but typical attack of yellow fever 

Susceptibility op Man and Lower 'Vnuials 
During an outbreak of yellow fever there is evidence of much indi 
vidual variation m the seventy of the infection but the question of racial 
variation is admittedly difficult The facts at hand do not permit final 
conclusions concerning all of the details that are involved but the vv orking 
basis for the epidemiologist is clear In Afnca yellow fever has long 
been considered as a disease oi the white lace and the negro has taken 
little interest in control measures but the fallacy in this interpretation 
lies in part m the mildness of the symptoms sometimes observed in 
children though this feature has been somewhat over emphasized How 
ever in endemic zones many of the native children develop unrecognized 
infections and as adults their immunity during an outbreak has been 
attributed to natural resistance The error of this conclusion has been 
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illustrated quite clearly in our southern states where negroes growing up 
m this country appeared to enjoy no racial protection and the epidem 
lologist IS confronted with the difficult task of finding and diagnosing 
mild cases instead of adopting the easy assumption of racial msusceptibil 
ity The importance of the negro race in maintaining and spreading 
the infection was emphasised in Dakar where the French authorities 
quite comroendably called the first international conference for coordmat 
ing the eSorts of various countries tn the study and control of yellow 
fever (Conference Afncaine *929) 

Extensive search has thus far faded to reveal natural infections in 
lower animals accompanied by tjrpical signs and symptoms though the 
demonstration of protective substances in the Wood of some species of 
monkey's presupposes inoculation of the virus attended at least by an 
mapparent reaction The behavior of lower animals upon inoculation 
with the virus of yellow fever requires consideration of a wide range of 
susceptibility varj’ing from entirely mapparent effects to the development 
of fatal infections which in some cases may be quite similar and in other 
circumstances quite different from the disease as it occurs in man It will 
be suffiaent to describe characlenstic examples of the vanous types of 
reaction without a detailed discussion of each species 

The rhesus monkey {itaaca muUtta) develops symptoms and lesions 
that tesemble closely the human disease (Stokes Bauer and Hudson 
1928) Under the severe condjhons of laboratory eepenmentation the 
mortality of the monkeys is extremely high (95 to roo%) and at times 
nearly all of the parenchyma of the liver may be necrotic The French 
strain of yellow fever was obtained m Senegal (Mathis Sellards and 
Laigret tqzS) and if so desired, its virulence may readily be maintained 
at such a high degree that virtually all the inoculated monkeys will run 
an acute and fatal course Infective hver from a monkey dying of j ellow 
fever was transported m the frozen state from West Africa to London and 
subsequently to the United States this being the first strain taken out of 
Africa Much of the expeninental work on yellow fever in the Institutes 
of Europe and Amenca has been conducted with this strain either in its 
ordinary or its neurotropic form ill ftnKus is less susceptible than the 
rhesus monkey and cunously enough, the chimpanzee appears to be 
markedly refractory to yellow fever 

The marked neurotropism of yellow fevervirus is readily demonstrated 
by the mtracerebral injection of the white mouse whereupon a fatal 
encephalitis ensues but without necrosis of the liver In the accompany 
ing frustration one notes the rough hair the kyphosis and just postenoTJy 
the line of constriction resulting from interference with respiration 
Paralysis of the hind legs and also of the tad is virtually complete As a 
routine virus is injected in the frontal lobe and becomes disseminated 
thiougbout the brain and cord The frequency with which paralysis in 
yellow fever and in some other neurotropic infections appears first in the 
hind legs under these conditions bas not been fully erpiained by the 
neurologists Tbeiler at the Harvard Medical School (2930) established 
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a neurotropic strain by repeated intracerebral passage of the virus in 
mice the neurotropism becoming somenhat enhanced but with a loss 
of the ability to produce serious hepatic lesions in the monkey or in man 
With repeated passage of the virus in mice the course of the disease is 
shortened and death may occur as early as the fifth or sixth day The 
intrapentoneal injection of white mice with unmodified virus produces a 
fatal encephalitis in a small proportion some are immumzed and others 
remain susceptible (Sellards 1935 a) At the suggestion of Andervont 
new born imce were injected intrapentoneally with ordinary virus and a 
fatal encephalitis developed just as m the adult mice injected directly 



Fic 203 — Ene<ph 1 1 a n whit Swi m o e e«v I p g the a v ath d y alter 
ntr c reb 1 mje t on of tb vjni { y U w lev tom the 404th passage n m c 


into the brain Encephalitis follows the intracerebral injection of various 
rodents and several species of nionke>s which remain well after ordinary 
routes of injection 

The monkey (A/ mulalta) reacts in an interesting manner with regard 
to the intracerebral and the extraneural injection of the virus of yellow 
fever m its ordinary and its neurotropic modification (Sellards 1931) 
After intiaceiebiai injection of seuTotiopic virus a fatal encephalitis 
usually ensues without laundice or hepatic lesions whereas the subcu 
taneous injection of the neurotropic modification produces as a rule onij 
a mild infection with immunity The ordinary vims though it possesses 
marked neurotropic affinities fails to produce encephalitis upon intra 
cerebral injection but the animals die in a few days with necrosis of the 
hver before there is adequate time for the development of the cerebral 
lesions An important observation has been contributed by Penna (1936) 
who immunized rhesus monkeys passivdy with a potent serum and then 
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injected them mttacerebrally with jdlotv fever virus jn Jts ordinary form 
TJndct these ci cumstsnces n'cephahtts developed but the immune 
serum protected the Ii\ er from any extensive degeneration 

There are a con«derablt vancty of spetita -which dc\e\op onl} an 
mapparent infection when inocolated ettraneurally wth the ordinary 
vjrBi. of jellott fever Thus jn the guinea pig the virus ivas transferred 
serially from one animal to another at intervals of 5 to 7 da>-s by intra 
peritoneal injection without the development of symptoms or k«ions 


The UsvAt Bebvvior or tnx OasnuARy A>n> or thb VeiisoTsoeic ViEUsof YEtiow 
Tevs* in Vabioos Asnais 





Some blood and sp ecu from a guinea p«g of the third passage was injected 
n*o a monkey and death from yelloff fever occurred on the third day 
(Sellards 1950) The neurottopic strain upon intracerebral inoculation 
produces a fatal encephalitis m ^laea pigs fStefanopoulo and Wasser 
mann 1933) Several species of amowls notably ccb«s inonktjs the 
ferret, the rabbit and the ben develop a proteebv e serum when injected 
with tie virus m its ordinary form and Frobisher rpjo) and 
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the infection of chick embrjoshas been described b> Jadm {1937) and b> 
Elmendorf and Smith (1937) The data concerning the more important 
types of reaction are illustrated m the table on page 888 

Various species of arthropods may harbor the virus of yellow fever 
without transmitting the infection when feeding on a susceptible animal 
but only when crushed and injected subcutaneously m monkeys or even 
intracerebrally m mice The many species of mosquitoes which serve 
expermientaUj as a vector show no injurious effects from the presence of 
the virus Relatively little has been added to the basic facts reported 
by the United States army commission m 1900 concerning transmission 
by the aegypti mosquito Virus may be demonstrated in mosquitoes at 
any period after an infective feeding by grinding and injecting the insects 
into a monkey (Davis and Shannon 1930) and there is no indication of 
any developmental cycle The optimal temperature for the growth 
of the virus may be determined with considerable accuracy by noting the 
incubation time required at different temperatures before the bite of the 
infected mosquito becomes dangerous Briefly one could be bitten with 
impunity by infected mosquitoes kept continuously at 10 to 13 C 
(Hindle 1930} but at 37®C the incubation time is shortened to a few 
days just as in man instead of the classical period of about la days at 
room temperature (Sellards 1930) This etperiment justifies the con 
elusion that the virus multiplies in the mosquito (Sellards 1935) and 
additional confirmation was supplied by Whitman (1937) who used other 
methods of etpenmentation Valuable data concerning the effect of 
temperature on the incubation time m the aegypti mosquito were supplied 
by Davis (193a) but with the erroneous interpretation that no multiplica 
tion of the virus takes place in this host (Davis Frobisher and Lloyd 
1933) Precise information is lacking m regard to the exact nature of the 
events that take place during the incubation period The rather unwar 
ranted assumption has been offered that the virus injected by a mosquito 
must of necessity come from the sahvaty glands In dissecting these 
glands to test their infectivity they may easily be contaminated with 
tissues of the mosquito known to be rich in virus In a few experiments 
we found no virus in traces of coelonuc fluid drawn off by thoracentesis 
from infected mosquitoes There is no evidence of any specific micro 
organism nor any reaction or lesioo id the tissues and even serial sections 
fad to distinguish infected from normal mosquitoes 

Teuinical Proceduxes 

The customary bacterioJi^ic lechmque should afford adequate protec 
tion for working with animals infected with yellow fever Virulent 
strains induce a rapidly fata! disease in the rhesus monkey though quite 
exceptionally some individuals remain apparently well for a few weeks 
and then die suddenly the anatomical lesions being typical of yellow 
fever with no indication of any chronic process Occasionally some 
monkeys show no definite fcbr’le reaction but develop a significant degree 
of malaise and death may occur within 3 or 4 days after inoculation 
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Fottunatelv the maintenance of a strain of virus in the laboratory does not 
require continuous passage m ammais since infective tis‘»ues retain their 
virulence when frozen (Sellards and Hindle torS) As a routine pro 
cedure it is neither necessary nor advi'iable to dry the frozen tissue, some 
laboratory infections having been attributed to accidents in handling 
virus in the Jorm oi a dry powder 

The mosquito A oegv^h lives by preference in the home, and with 
but httle change m its u ual habits cotomes mav be maintained readily 
in the laboratory On no occasion do « e follon the practice of introducing 
a monkey into a cage of mosquitoes On the contrary the animal is held 
outside of the cage against the wire creen and the mosquitoes bite readily 
through the meshes The special trap illustrated in the accolnp3nv^ng 
figure permits the remov al with perfect safety, of a few mosquitoes from a 
cage of infected ones m rase some are desired for special study The 
manipulation of this trap is allogelhcr simple and its use has been described 
m detail (Sellards 193 ) 



Fio S03 —Tt»p !« handl ng «nt«« 4 mosqjitee* {H »rtu»l » » ) (Rtptoiueea by 
court* y ot the av«iy Pre* B»H mart ) 

Proteebon Tests — By exact experimentation on man htarchoux 
Salimbeni and Simond (igoj) demonstrated that the tirus of yellow 
fever is neutralized bv the serum of convalescent patients In a similar 
manner the protection of rhesus monkeys was demonstrated soon after 
the discovery of the susceptibility of this species Hmdle (rpjol 
noted the protection of monkeys by the 5*^001 of a patient 24 years 
after tecoverv from vellow fever there being no opportunity for re exposure 
during this long period Theilcr (tgjo) substituted mice for monkeys 
using intracerebral inoculations This severe route of injection j ernuts 
the u e of only nuaimal amounts of eerum Isevertheless this method 
with some modifications proved quite satisfactory for testing the protec 
tive action of the -erum of persons vaccinated against yellow fever 
(Sellards and Laigret 1932 c) A valuable mi dification of the test was 
introduced by Sawyer and Uoyd (19x1) the injections of serum and virus 
being made inlrapenloneaily, with traumatization of the brain by the 
injection of starch paste to faahtafe localization of the virus liberal 
amounts of infective mouse bram are triturated and injected but it seems 
preferable to centrifuge the su pension and use only the supernatant 
fluid (Sellards and Bennett *937) Mice dying on the 4th or 5th day of 
neuTOtropic yellow fever are sacnficed and a 15% or 20% suspension 
of a highly infective brain is prepared m physiological saline containing 
10% of normal serum The tissue is removed by centnfugiog the super 
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natant fluid is rich m virus and the control mice will die with regularity 
Starch paste or distilled water is injected intracerebrally m mice in 
groups of 6 for each serum to be tested this being a convenient number 
on^mally adopted by Theiler Then equal parts of the suspension of 
virus and of the serum to he tested are mixed and injected intrapentoneally 
without prehminary incubation using o s cc of the mixture The 
majority of the mice wfhich are not protected die about the 6th or 7th day 
though quite exceptionally an occasional death ma> occur e\en m the 
third week after injection 

The specificity of the protection test in mice has received critical 
examination through a penod of years by reason of the many thousands 
of human sera that have been examined m outlining the endemic zones of 
jellow fever There are only a few instances of apparently false 
reactions where protection has been afforded by the serum of a person 
who could in no way have been exposed to yellow fever Peltier et al 
(1937) have advised caution m the mtcrpretation of tests made with 
sera contaimng bile pigments and bile salts since the virus of yellow 
fever is sensitive to the action of bile The specificity of the test when 
applied to lower animals requires individual consideration of each species 
Attention is invited to the protection afforded by normal serum of sheep 
(Findlay et al 1936 and Smith 1940) 

A survey of immumty in the various age groups of a given population 
may enable one under favorable circumstances to reconstruct the history 
of yellow fever 10 the commumty with considerable exactness This may 
be illustrated readily by an instance where one is able to compare the 
historical data with the results of an immunity survey Thus one may 
be able to distinguish between active foci of infection and others which 
have become extinct such as the endemic zone which formerly existed in 
Cuba The last outbreak in this island occurred in 1905 and persons 
born after that date have no immunity to yellow fever as determined by 
protection tests 


Modification of YEttow Fever \irus 
The virus of yellow fevir has been modified not only by intracerebral 
passage in mice but also by continuous cultivation in utro m surviving 
tissue In either case there is a loss of the ability to produce hepatic 
necrosis but with persistence of the neurotropic properties The interpre 
tation that these two characteristics can be varied at will by laboratory 
procedures requires some qualification since no strain has been developed 
which produces typical synsptoms of yellow fever in the rhesus monkey 
with failure to cause encephalitis m mice Actually the essential feature 
IS uniformly in the direction of a loss of the tendency to destroy the hver 
parenchyma with occasional reports of reversion to the natural virus 
The neurotropic virus is not obligately neurocy lotropic but it multiplies 
on subcutaneous injection in man and virus appears in the blood stream 
(Sellards 1937) The ordinary virus of yellow fever has been designated 
by various terms such as vtscerotropic and pantropic but viruses 
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Fortunately the maintenance of a strain of virus in the laboratory docs not 
require continuous passage in ammais since infective tissues retain their 
\irulence when frozen (Sellards and Hindle 19 8) a routine pro 
cedute it is neither necessary not advisable to dry the frozen tissue, some 
laboratory infections having been attributed to accidents in handling 
Vitus m the form of a dry powder 

The mosquito A aegypu Lves by preference m the home and with 
but little change in its u-ual habits colonies may be maintained readily 
m the laboratory On no occasion do we follow the practice of introducing 
a monkev into a cage of mosquitoes On the conlrarv the animal is held 
outside of the cage Tgainst the wire screen and the mosquitoes bite readily 
through the meshes The special trap illustrated m the accompanjing 
figure permits the removal with perfect sifetv of a few mosquitoes from a 
cage of infected ones in case some are desired for special study The 
matupulation of this trap is altogether simple and its use has been described 
in detail fbellatds 1931) 
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ProtecQon Tests— Bj exact experimentation on man Marchoux, 
Salimbem and Simond fiqoy) demonstrated that the virus of yellow 
fe\er is neutralized by the serum of convalescent patients In a similar 
manner the protection of rhesus monkeys was demonstrated soon after 
the discovery of the susceptibility of this species Hindle (193®) 
noted the protection of monkeys by the serum of a patient 24 years 
after recovery from yellow fever therebcing no opportunity forte exposure 
during this long period Theiler (19^0) substituted mice for monkeys 
using intracerebral inoculations This severe route of injection permits 
the u<e of only minimal amounts of serum Nevertheless this method 
with some modificationa proved quite satisfactory for testing the protec 
live action of the Scrum of persons vaccinated against yellow fever 
fSellards and Laigret 1032 c) A valuable modification of the lest was 
introduced by Sawyer andldoyd (193O ^he injections of serum and virus 
being made intrapentorealfy iwtb trauiratizat/on of the brum by the 
injection of starch paste to facilitate localization of the virus Liberal 
amounts of infective mouse btamaie triturated and injected but it seems 
preferable to centrifuge the suspension and use only the supernatant 
fluid {Sellards and Bennett 1937) Mice dying rn the 4th or sth day of 
neurotropic yellow fever are sacrificed and a 15% or 20% suspension 
of a highly infective btam is prepared m physiological saline containing 
jo% of normal serum The tissue is removed by centrifuging the super 




YELLOW YEVE2 


natant fluid is rich in virus and the control mice will die with regularity 
Starch paste or distilled water is injected intracerebrally m mice in 
groups of 6 for each serum to be tested this being a convenient number 
originally adopted by Theiler Then equal parts of the suspension of 
virus and of the serum to be tested are mixed and injected intrapentoneallv 
without preliminary incubation usmg o s cc of the mixture The 
majorit) of the mice which are not protected die about the 6th or 7tb day 
though quite exceptionally an occasional death may occur even in the 
tbrd week after injection 

The specificity of the protection test in mice has received critical 
Examination through a period of years bv reason of the many thousands 
of human sera that have been examined in ouUimng the endemic zones of 
yellow fever There are only a few instances of apparently false 
reactions where protection has been afforded by the serum of a person 
who could m no way have been exposed to yellow fever Peltier ct al 
(1937) have advised caution in the interpretation of tests made with 
sera containing bile pigments and bile salts since the virus of yellow 
fever is sensitive to the action of bile The specificity of the test when 
applied to lower ammaU requires individual considt ration of each species 
Attention is invited to the protection afforded by normal serum of sheep 
(Findlay etal 1936 and Smith 1940) 

A survey of immunity m the various age groups of a given population 
inay enable one under favorablearcumstances to reconstruct the history 
of yellow fever in the community with considerable exactness This may 
be illustrated readily by an instance where one is able to compare the 
historical data with the results of an immunity survev Thus one may 
be able to distinguish between active foci of infection and others which 
have become extinct such as the endemic zone which formerly existed in 
Cuba The last outbreak in this island occurred m 1903 and persons 
born after that date have no immuiuty to yellow fever as determined by 
protection te ts 


MODIFlCAtlON OF VeLLOW FEVER \ IRUS 
The virus of yellow fever has been modified not only by intracerebral 
passage m mice but also by continuous cultivation in vitro in surviving 
tissue In either case there is a loss of the ability to produce hepatic 
necrosis but with persistence of the neurotropic properties The interpre 
lation that these two characteristics can be varied at will by laboratory 
procedures requires some qualification since no strain has been developed 
which produces typical symptoms of yellow fever in the rhesus monkey 
with failure to cause encejAialUia m mice Actually the essential feature 
IS uniformly m the direction of a loss of the tendency to destroy the liver 
parenchyma with occasional reports of reversion to the natural virus 
The neurotropic virus is not obligately ncurocytotropic but it multiplies 
on subcutaneous injection in man and virus appears in the blood stream 
pellards 1937) The ordinary virus of yellow fever has been designated 
oy various terms such as viscerotropoc and pantropic but viruses 
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Fortunately the maintenance of a strain of vinis in the laboratory docs not 
require continuous pos'iage m animals since infective tissues retain their 
virulence when frozen (Sellards and Hicdle 1928) As a routine pro 
cedure it is neither necessary nor advisable to dr) the frozen tissue some 
laboratory infecUona havaag been attnbuted to accidents in handling 
virus in the form of a drv powder 

The mosquito A ae(\ pit lives by preference in the home, and with 
but kttle change m us usual habits colonies may be maintained readily 
intheUboiatory Onnooccasiondo’aefollow the practice of introducing 
a monkey into a cage of mosquitoes On the contrary, the animal is held 
outside of the cage against the wire screen and the mosquitoes bite readily 
through the meshes The special trap illustrated m the accompanying 
figure permits the remov al with perfect safety, of a few mosquitoes from a 
cage of infected ones m case some ate desired for special study The 
manipulation of this trap t$ altogether simfdeand its use has been described 
m detail (Sellards 1932) 



FiO ao5 —'Tfap f^r h ndl ng nf««cH mo quto«i (K »ctu»l s i«) (Repredueed by 
courtety of (b« tt tv^rly Pre &ilt oore ) 

Protectiott Tests — By exact expcnioentation on man Macchmi** 
Sahmbeni and Siraond (X903) demonstrated that the virus of ycJlo* 
feser is neutralized by the serum 0! convalescent patients In a similar 
manner the protection of rhesus monkeys was demonstrated soon after 
the discovery of the susceptibility of this species Hindis (193°) 
noted the protection of mooLcys by the serum of ?t paUenl 24 y®*^ 
after recovery from yellon fever there being noopportuaityfor re exposure 
during this long period Thaler (1930) substituted mice for monksjSi 
using intracerebral inoculations This se%ere route of injection permits 
the use of only minimal amounts of serum Nevertheless this melhctd 
with some modifications proved quite satisfactory for testing the protcc 
live action of the serum of persons vacemat^ against yellow fever 
(Sellards and Laigret 1932 c) A valuable modification of the test was 
introduced by Sawyer and Lloyd (1931) the injections of serum and virus 
being made witrapeiilonealiy, with traumatization of the brain by the 
injection of starch paste to facilitate localization of the virus Liberal 
amounts of infective mouse brain are tnturated and injected but it seems 
preferable to centrifuge the suspension and use only the supernatant 
fluid (Sellards and Bennett 1937) Mice dying on the 4th or 5th day nl 
neurotropic yellow fever arc sacrificed and a t$% or 20% suspension 
of a highly infectii'^e brain is prepared ra physiological saline containing 
To% of normal serum The tissue istemoved by centrifuging the super 
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ordinary virus died This is of espemf mteiest since the ordinary virus 
IS highly neurotropic 

In nature strains of yellow lever from various sources appear to be 
reasonably constant m their immamzing power but show \ ariation in their 
virulence for the rhesus monkey No virus infections are known which 
show any close relationship to yellow fever in the sense of any overlapping 
in immunological reactions In this respect dengue fever has attracted 
much attention more especially because of its mdde of transmission by 
A aesypiv The careful investigations of Smjdets PostmusandSchufCner 
(1934) failed to show any immunological relationship or any indication 
of etiological similarity between dengue and yellow fever 

Vaccination 

Specific prophylaxis against yeUow fever was regarded at one time 
as quite unnecessary or even undesirable since prevention of the breeding 
of aegypti mosquitoes appeared to afford an efficient and almost an ideal 
method for the control of epidemics However in each outbreak manv 
lives are lost during the weeks and even months that elapse before the 
measures against the mosquito become effective and no practical methods 
are available as yet for avoiding or controlling the vectors in syhatic 
regions 

The virus of yellow fever behaves in a manner that simplifies consider 
ably some of the problems involved in the development of an appropriate 
method of vaccination Even a mild infection results m a substantia] 
and lasting immunity For practical purposes it is fortunate that strains 
of virus from widely separated regions afford mutual cross protection 
(Theiler and Sellards ipsS) Immunization with lifeless vaccine is only 
in the experimental stage (Findlav and MacEenzie 1936) Repeated 
injection of rabbits with non infective virus resulted m a measurable 
degree of immunity (Sellards and Bennett 1937) the results being 
improved by the addition of cysteine for the protection of the labile 
antigen (Mudd et al 1937) 

In practice one injection of bving virus is used for the immunization 
of man with the expectation of producing a mild or inapparent infection 
A method for mass vaccination for the control of yellow fever was devel 
oped m 1932 using a neurotropic virus maintained by intracerebral 
passage m mice (Sellards andLaigret 1932 a-b-c) Investigation of the 
effect of neurotropic virus on man was approached with caution using 
preliminary injections of lifeless vaccine followed by the subcutaneous 
injection of an extremely high dilution of infectious mouse brain No 
local or general reaction devefoped either to this injection or to subsequent 
inoculations of increasing amounts of bvicg virus but an immunity 
developed as indicated by successful protection of mice using the severe 
intracerebral route for the injection of virus mixed with minimal amounts 
of serum The margin of safety of this procedure for vaccination of man 
was tested in one instance by using a moderately low dilution of virus 
for the initial injection There were no appreciable subjects e symptoms 
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are chatactenzed by an afEnity for certain types of cells rather than for 
the various viscera and the significaoce of iropism is lost when applied 
as a panlropisra ’ for all cells Prense lettcnnology for the ordinary 
strain must await further developments but the phrase ‘natural virus 
of jellou fever (Lloyd and Mabaffy 1936) is unmistakably clear and 
satiefactory Unexpected confusion bas arisen m the consideration of 
some of the modified strains hmdtay (1934) suggests that the neuro 
tropic virus maintained in nace should jn fact be regarded as pantropic 
since It is not slncllv neutotropic In another instance, a modified 
viscerotropic virus proved on eiamitutios to be a strain which after 
long cultivation by Maitland technique fads to produce visceral lesions 
but continues to cause a fatal encephalitis on intracerebral injection 
Bfiefl} this conSoTTns to the prevailing conception of a ncurotropic 
strain 

Ihe ordinary virua cultured for three years 11* c tra on sun iviag tissue 
gave rise to the modification designated m the literature as “ 17 D On 
intracerebral miection in monkeys this strain produces an encephalitis 
followed by recovery but in mice a fatal encephalitis occurs m about 
seventeen days There is therefore no doubt about the neurotropism 
of the culture known as 1 7 D and in the subsequent section on vaccination 
It 15 designated for the sake of clearness as a cultural neurotropic modifica 
tion The changes which the ordinary virus undergoes upon euluvalion 
m iilro are of much interest and the mechanism of these changes seenib 
obscure Gordon (1040) concluded that the ty^ie of ti sue used for 
cultivation determines the nature of the changes but the evidence 1 


unconvincing 

There is room for difference of opinion concerning the pos iblc reversion 
of neurotropic to the ordinary form of virus of yellow fever Firvt of all 
it is important to note that none of the modifications have been maintamed 
for long periods comparable, for example, to the many years that the 
fixed Vitus of rabies has been transferred from rabbit to rabbit The 
French neurotropic strain of yellow fever after about 200 passages m 


mice was injected into the liver of rhesus monkeys and the strain regained 
its original properties according to the observations of Findlay and Clarke 
(1035) This result is of much theoretical importance and deserves 
confirmation Findlay and MacCallum (ipySl reported spontaneous 
reversion of the neurotropic strain and this important observation also 
awaits confirmation In one instance the injection of a baboon with 
neurotropic virus was mterpieled by van den Berghe as resulting 

in reversjon of the virus to its ordmary form but a final conclusion may 
be left to await a critical review of the criteria employed for describing 
and determining reversion In practical experience with vaccination 
over a period of eight years no difficulties have arisen from reversion of 
neurotropic virus to its natural state . j t, xr » / » 

An laterestint, protective action 1 as been described bv Hoskins (1035) 
who noted that rhesus monkeys survived when injected with both neuro 
tropic and with ordinary virus whweas controls injected with only 
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the nature of these reactions Thevirusof>ello\v fever was not recovered 
from the blood or spinal fluid of any of these cases but it may quite con 
ceivably have been present m the central nervous system In one 
patient a complicating infection was due to the virus of lymphocytic 
choriomeningitis which evidently was present in the mouse from which the 
vaccine had been prepared (Laigret and Durand 1936) The literature 
emphasizes one fatality but this occurred after an interval of one year 
and two months without defimte evidence of any relationship to the 
vacanation 

Peltier et al (1940) have introduced a technique of exceptional interest 
which consists in scarifying the skin with a mixture of virulent neuro 
tropic yellow fever virus and the virus of vaccinia no severe reactions 
being observed even in infants The simpUaty of the method permits 
its rapid appbcation and 98 873 persons have been vaccinated in this way 
Protective substances against yellow fever developed in the serum of 
95 6 % of X 387 cases the serum being strongly protective in 80 6% 

The neurotropic strain of yellow fever is not readily transmitted by 
aegypti mosquitoes (Sellards 1931) though occasional successful results 
have been reported expetimenlaUy (Davis et al 193s) During the course 
of vaccination virus may be present in the circulating blood and Sawver 
with his associates (193 ) have discussed the possibilities of an outbreak 
of yellow fever originating from vaccinated persons There is no reason 
to suppose that transmission of virus by mosquitoes has occurred during 
the many vaccinations that have been practiced m Africa and there is no 
indication that the neurotic strain tends to revert m the mosquito to 
the ordinary virus 

A complicated process described as serovacanation was investigated 
by Sawyer and his associates (1933) for the protection of their staS many 
accidental infections having occurred among their laboratory personnel 
In principle the injection consists of libera) amounts 0! neurotropic v irus 
which is underncutralized with specific immune serum Ordinarily a 
mild infection results and the serum shows neutralising bodies for a 
penod of a year or so Serovaccination has only a limited field of applica 
tiou and the procedure is accompamed by some risk of complications 
involving the central nervous system (Darre and MoUaret 1936) A 
similar case of encephalitis following serovaccination was noted by Sawy er 
(> 937 ) Jaundice of unknown etiology developed within two to eight 
months in 20% to 30% of a group of persons receiving serovaccination 
(Soper and Smith 1938) The use of ncurotropic virus without immune 
serum has been opposed more especially by Findlay (1934) in England and 
by Theiler and Whitman (1933) m this country though no other plan of 
mass vaccination was available and they do not report any experience 
with its application in man Gordon and Hughes (1936) cite Theiler 
and Whitman as questioning the safety and quite erroneously state that 
Findlay (1934) questions the efficacy of vaccination by neurotropic virus 
maintained in mice It would seem paradoxical to consider that a 
severe reaction m yellow fever would nevertheless fail to produce immu 
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but the temperature rose to 38* on the sixth and seventh dajs accom 
panicd by a bradycardia with a trace of albumin m the urine The first 
tests on a large scale uere conducted with a cautious plan of using 3 injec 
tions at intervals of ao days la Senegal, more than 3 000 volunteers 
were vaccinated m this way m the summer of 1934 byLaigret whoempha 
sized that two of these volunteers developed serious symptoms of mjchtis 
and meningiti followed by complete recovery By the end of the summer 
of tg35 the vaccinations m French West Africa had reached 2^ 8go injec 
tions the greater part of these representing three inoculations for each 
indiv idual (Mathis et al, 1936) The next step m simplification of the 
technique consisted m suspending the virus m egg jolk to delay its 
dissemination and using only one injection of vaccine (NicoIleardLaigret 
i9o5) 

The efficacy of this method of vaccination has been established bv the 
results of its practical application in endemic zones of yellow fever and by 
experimental investigations Small amounts of the serum of vaccinated 
persons protect monkevs and mice against excessively large quantities of 
Vitus This protective action affords suggestive evidence but not exact 
proof of the immunity of the individual However a member of the staff 
nearly eight months after routine vaccination developed no reaction 
when bitten by infected mosquitoes though normal monkeys bitten 
by these mosquitoes died of yellow fever (Sellards and Laigret 1936 a-b) 
This demonstration influenced favorably the Commission of the Socictfi 
de Pathologie Exotique in Pans ui recommending voluntary vaccination 
for communities in Africa exposed to yellow fever (1936! The demand 
for protective immunization was urgent and there was no need to make 
vaccination compuUotv The following unpublished ob etvation iUa!> 
trates the persistence of protection over a long period An individual 
who received one injection of infective msu e brain experienced almost 
no symptoms but five years later his serum m a dilution of i to go pro 
tected 5 of 6 mice against yellow fever using the intrapcntoneal route 
of injection Peltier (1938) summarized the results of 4 years' experience 
m vaccination for the control of vellow fever m French West Africa and 
be recommends attenuation of the quarantine procedures for those who 
have been succes fully protected Tests were made at varying intervals 
to determine the duration of immuDily the longest period being 3 to 
4 years after vaccination The scrum ot 31 cases was examined at this 
interval and 6 afforded strong protection for mwe whereas 4 gave feeble 
protection and 2 resulted in failure A sufficient period of years has not 
yet elapsed for determimng the maximum duration of the immunity 
that may follow this method of vacanation In working on a large 
scale occasional failures are to be expected One of the 3 000 volunteers 
vaccinated m Senegal in the summet of 1934 developed yeUow fever two 
years later in an endemic zone m Afnca and the infection terminated 

^^^^Tbe cases with symptoms of involvement of the central nervous system 
have been reviewed in full by Laigrel (1936) Opinions differ concerning 
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slight nsk for the assurance of adequate protection but a method which 
from time to time leads to a sense of false security tends to undermine 
the confidence of the community The cultural strain is especiall> 
useful for exceptional circumstances where individuals remain under 
obsersation the results being determined b> protection tests with repeti 
tion of the injections till immunity is estabUshed Neurotropic \ariants 
of yellow fever are under investigation in several laboratories for the 
purpose of obtaining still further improvements in the technique of 
vaccination Peltier et al (1937) have investigated the immunizing effect 
of neurotropic virus mued with minimal quantities of bile 

The criteria for the ideal method of vaccination against yellow fever 
have been defined by various authorities emphasizing the welfare of the 
individual and also the danger that the reaction developing dunng 
immunization might accidentally set up an epidemic among the unvac 
cmated It would seem withm reason that a person volunteering for 
vaccination should expect to obtain adequate protection and also expect 
that the resulting immunity might endure at least for the brief period of a 
few years Much progress has been made m this direction m a rather 
brief period of time but one hopes and expects that distinct improvements 
will be made in any of the techmques which are in use at present for mass 
vaccination 

PRBV'ESTIO't 

The protection of commumties mvolves consideration of the familiar 
aegypti borne epidemics of cities and the more obscure problem of sylvatic 
yellow fever After many years of experience reasonably effective 
methods have been developed for the control of aegypti mosquitoes but 
the details of the procedures vary widely according to the local conditions 
A aegyfh is highly domestic living by preference in homes and feeding 
on man An adequate municipal water supply works to the great dis 
advantage of the mosquito since the householder can then do away with 
favorite breeding sites such as the many jars and vessels used for storing 
potable water In times of necessity the mosquito shows much ingenuity 
in finding water for depositing her eggs such as the small amounts that 
collect in a flower pot or air plant or a discarded can The development 
from ov um to imago requires about two weeks and many larvae and pupae 
might die in case a small residue of water evaporated within a few days 
The mosquito quite carefully as a rule lays her eggs not on the water 
but just above the water Lne the eggs withstand drying and adhere to 
the container Some days or weeks later when the containers are filled 
by a shower larvae appear within a lew minutes insured of a more 
liberal supply of water for their development About 2 weeks after a 
drought has been broken it is a common experience that mosquitoes may 
appear m and around homes m annoying abundance 

During inter epidemic penods the unagos may be ignored and the 
mosquito population in cities can be reduced to a minimum by thorough 
destruction of larvae and pupae at weekly intervals Small vessels of 
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mty Ho\ever Gordon (1940) a^in cites Findlay as questioning the 
immuninnt effect of the virulent neurotropic strain, although be accepts 
readily the eff ecln eness of this strain when its acli\ it> is impaiicd by using 
liberal amounts of specific immune serum and unhesitatingly recommenda 
a cultural neurotropic strain of feeble virulence (17 D) as providing an 
effective \iccine 

Much attention has been given to vaccination with neurotropic 
strains of rather shght virulence maintained by culture i» uitro or surviv 
mg ti'sue and by infection of chick embryos Findlay and MacCallum 
1937) V accmated 6^ persons with a cultural ‘ pan tropic ’ strain without 
immune serum The de«icnption of this sttan indicates that it is a 
neurotropic modification A few months later Thedcr and Smith (1937) 
reported quite independently, the erpenmental immunization of 8 persons 
with neurotropic cultural virus (i? D) but without the use of immune 
serum Subsequently Smith et al of the Rockefeller Foundation adopted 
mass vaccnatiion in 1938 as a means of controlling jellow fever They 
discontinued the use of immune serum and prepared a vaccine from chick 
embryos infected with cultural neurolropic virus This strain upon 
inoculation in man induced the formation of antibodies but frequentlj 
the liter of the serum was low and a fall m titer was noted m man> cases 
within 6 to 10 weeks after vaccination The Cooperative \ellow Fever 
Service of Brazil reported the vacatution of more than 59 000 per ons 
with the probability that under field conditions approximately 95 per 
cent of these were immunized One instance was noted m which enceph 
aims occurred as a complication followed by complete recovery (Sopei 
and Smith 1938) The use of vaccine was extended rapidly and 305 000 
persons were inoculated m the state of Fspirito Santo m Braal fSoper 
et al 1940) Some unfavorable results appeared Among 156 000 vac 
anated persons $6 cases of yellow fever were reported with 14 fatalities 
Unquestionably these infections were acquired naturally nnd were m no 
sen»e attributable to the injection of virus without immune serum 
Protection tests in some groups indicated that 50 pet cent to 80 per cent 
rernaincd susceptible after vaccination Cultural strains of yellow fever 
do not remain fixed in their pathogenicity and in their immunizing 


^ Choice of Virus —Successful vaccination against y ellow fever depends 
on the iniection of living vinis with the development of an infection 
The modified virus suitable for inoculation in man is neutoltopir m 
character and fortunately two strains are available The one propagated 
m mice IS virulent and produces an enduring immunity with the risk 
ci Tsmall proportion of serious reactions The cultural strain is of W 
IthoSmcfty Ld uncertain m Us imrauiuxmg effects with the risk that 
pathogemci / orotected by vaccination may contract vellow 

.Sec.™ polec,™ be 
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the rapidlj developing albunununa the extreme prostration the usual 
Faget s sign a moderate degree of jaundice and vomiting with or with 
out haemorrhage constitute a charactensUc syndrome A progressive 
leukopoenia occurs at the expense of the neutrophiles and reaches its 
lowest point near the end of the first week of lUness (Berry and Kitchen 
1931) Except for those patients who show an early and extreme degree 
of albuminuria there are no methods available either in the clinic or the 
laboratory for establishing even a tentative diagnosis during the first 
few days of illness However this «s the period of maximal infectivity 
of the blood and it is the appropriate time for commenang simple labora 
tory procedures which eventusdly should lead to a conclusive diagnosis 
preferablj by the infection of susceptible antmaU or by the demonstration 
of neutraliamg substances speafic for yellow fever 

The white mouse rather than the monkey appears to be the animal 
of choice successful infection with vellow fever by the intracerebral 
injection of patients blood having been accomplished by Mathis in 
1937 In the same manner Duneut (1937) m an important communica 
tion reports the infection of white mice with the blood from 13 patients 
the virus being demonstrated in the patient s blood as late as the fifth 
day Death of the mice about 10 days after inoculation with char 
actenstic paralysis and without bacterial infection affords strong pre 
sumptive evidence of yellow fever confirmation of the diagnosis may be 
easily determined by protection tests wHh yellow fever immune serum 
If no virus IS recovered from the patients blood then protection tests 
may afford an exact diagnosis provided that 2 specimens of serum are 
examined one of which is taken during the first few days of illness and 
the other after an interval of 3 or 4 weeks The first specimen shows 
either no protective power or else a low titer as compared with the second 
sample The early development of immune bodies complicates diagnosis 
by this immurnty test Moreover the first specimen of serum may 
contain neutcahzmg antibodies in high titer as the result of a previous 
infection with yellow fever the current illness being due to some other 
type of acute infectious jaundice In case of a fatal outcome the lesions 
of the bver are virtually pathognomonic Zenker s fluid is the fixative 
of choice but m circumstances where this is inconvenient formalin serves 
as a useful substitute 

Differential Diagnosis — Difficulties in clinical diagnosis arise m mild 
infections and also in those of moderate seventy with well marked 
symptoms In the early days of the infection the fever rapid pulse 
malaise albuminuria and leucopoema resemble the symptoms at the 
onset of a case of influenza without respiratory signs The imld types 
with no jaundice may be confused with those cases of dengue fever which 
show no rash or one so evanescent that it escapes detection Quite 
exceptionally cases of dengue fever have been said to show slight jaundice 
discernible as a tingemg oi the sderae These observations were made 
before the laboratory diagnosis of yellow fever had been developed and 
similar methods for dengue fever have not yet been perfected Of the 
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water containing larvae may be emptied m seasons when rainfall is 
abundant In and regions saiutat> inspectors discarding small quanti 
ties of much needed dnnking water have met with serious experiences 
and it IS sufficient to remove the larvae bv straining the water through a 
piece of cloth Shallow wells, cisterns, tanks and similar containers 
may be protected more or less effectively by screening oihng, or the use 
of small species of fish which feed on larvae The ingenuity of aeg\pli 
mosquitoes m finding breeding places and the difficulty in some circum 
stanres of locating the adults requites some caution in accepting the 
conclusion that any given outbreak of \ellow fever is occurring in the 
absence of aegi-pti mosquitos Dunng an epidemic of yellow fever 
the measures for the cotitrol of Larvae should be broadened to include 
destruction of the adult mosquitoes Fumigation of houses where cases 
hav e occurred is time consuming but this precaution may destro> some 
infected mosquitoes and also build up the confidence of the people and 
encourage their cooperation The individual patient should be pro 
tccted bv screening or a bed net for his own comfort throughout the course 
of the illness and not merely for the first few days thereby avoiding an> 
necessity of explaitung to the laity the scientific details concerning 
the mbde of transmission Prophtiaxis for the individual consisted 
formerly in avoiding mosquitoes but vaccination now constitutes the 
method of choice allowing a period of a few weeks after inoculation to 
elapse before exposure to > eltow fever In case of exceptional emergency 
immediate but temporary protection can be secured by passive immuniza 
tvon with liberal amounts of a potent immune scrum For the purpose 
of quarantine a period of isolation for 6 days has been adopted and this 
has proved reasonable in practice and preferable to more stringent 
measures of endeavoring to covet the exceptional maximum limits of 
incubation The replacement of sailing vessels by steamships vittuall> 
ehminated the transfer of vellow fever to and fro across the Allanuc 
Ocean The development of air services offers new problems of interest 
to the epidemiologist but the aviation officials cooperate willingly and 
effectively with the health authorities Our southern border lies but 
to or 12 hours distant by aeroplane from potential foci of yellow fever 
jn South America In Briush India all air traffic from the west arrives 
at K.arachi and the airport there has been made anti amiryl the 
Government taking every precaution to prevent the introduction of the 
virus either in patients or infected mosquitoes (Russell xqjp) 

The lack of detailed mforroation concerning the hosts and vectors 
of svlvatic yellow fever precludes the adoption of any effective measures 
for controlling this infection in the wild life of the forests For man 
vaccination constitutes the only practical measure for protection 

Diagnosis 

As indicated by the symptomatology the cliniv.al diagnosis of severe 
cases during an epidemic is relatively simple and accurate Ihe features 
are not pathognomonic bu the acute onset with headache and backache 
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senous syroploms develop 'The gradual loss of fSuids and {he imbalance 
of inorganic salts as indicated by studies of unne suggest the use of some 
form of Ringers solution The impauateni of renal function with 
suppression of untie is more senous than one would expect from the 
lesions seen in the kidney In tcrmuial stages an accumulation of unde 
tertnsned aads results in a reductton of seruta tjicarhonatc (Wakeman and 
Morrell 1932) Sternberg (1890) recommended Vichy or aJktwlme mineral 
waters or the administration of small daily amounts of sodium bear 
bonate such as 15 grams to liberal amounts of drinking water The 
disturbing gastto intestinal symptorra may be coatrolltd more or less 
effectively b> the use of atrr^ine 

Special Measures — In the acute stage of jellow fever the custom 
prevails of prescribing an almost starvation diet supplemented by citrus 
juices when the patient is able to retain Ihem In contrast to tbs prsc 
Pee the injury to the liver with impairment of glycogenic function and 
the frequency of hjpoglycacnua requires the liberal use of glucose espe 
cially by intravenous rnjeclion The administration may be guided 
b) sugar detemmationa m case the facilities of a chemical laboratory are 
avsulablc Retnatkahle resuUs are not to be expected but this treatment 
adds to the comfort of the patient and constitutes a rational supportive 
measure The possibility of guamdme intoxication must be kept id 
mind The metabohsni of guanidine substances following injury of the 
hvet has been investigated extensively (Lnmson Minot and Robbtns 
rgsS Minot and Cutler 1928-1939 Mmoc 1939) The adoiinistration 
of calcium relieves guanidine intocication m a striking manner not 
by destroying guanidine but by neutrabamg its toxic effects Calcium 
lactate in doses of 5 grams daily is suitable for oral administration and 
calcium gluconate la 7 5 pet cent solution may be given in to cc amounts 
by intramuscular but not by intravenous injection In principle fluids 
should be supplied liberally the carbohydrate reserve should be protected 
alkalies are to be used in small amounts with discretion and the adminis 
tration of calcium should prevent any symptoms of guanidine intoxication 
Specific therapy is not available at present Immune serum of high 
titer even in large amounts is tnefficaaous after fever has developed 
and It is better not to disturb the patient by such injections 
(For addendum 1941 see p 904 ) 
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severe and even fatal types of acute infectious )aundice much confusion 
has arisen between jcllow lever and leptospiral jaundice (Weil s disease) 
and this confusion persisted for some sears after the introduction of 
reliable laboratory methods for the recognition of leptospiral infection 
Bneflj the guinea pig IS the animal of choice fo inoculation with infec 
tive blood or unne of patients or for a protection test using \ irulent 
leptospira and convalescent serum The seventy of leptospiral infection 
varies through all gradations from a fefanle reaction lasting for a day or 
two without jaundice to a mortality of as much as one thud of the cases 
In Its severe form the jaundice may be more intense than in vellow fever 
but the albuminuria is less marked There are several other minor 
distinctions but the final conclusion rests upon the laboratory findings 
Cases of relapsing fever and mabna fever may occasionally show some 
jaundice In regions where malarial infection is prevalent it is customary 
to emphasize the precaution that the finding of tnalanal parasites does 
not etclude infection with yellow fever 

I ROCNOSIS 

The condition of patients whose progress appears to be -atisfactory 
may without warning become altogether critical and this insidious nature 
of the infection requires especial caution m predicting the course of the 
disease After long experience Dr E J Scannell suggests that a good 
prognosis may be offered with certainty only when the patient is out of 
bed and dressed and out of the house and walking down the street 
There are many features of unfavorable portent notably haematemesis 
melena extreme malai e suppression of urine and p^ptonurla Rush 
(1798) hated ai unfavorable signs among them a preternatural appetite 
more efpeciallv in the laft ftagc of the fever and this observation 
becomes of ignificance in view of the low values for blood sugar following 
injury to the liver In surocoaiizing the temperature records of 369 
patients Sternberg (1890) noted that 22 with a temperature of lob® or 
higher ended fatally and 44 cases whose t« mperature did not exceed 103® 
had the good fortune to recover the mortality for the group being 7 5 per 
cent The raildne»s of the disease m chi’dren has been som< what over 
emphasized Some fatal infections occurred in infants during the out 
break of 1937 m Parahyba Braal Hanson (19 9) m a severe epidemic 
m Peru noted a mortality of 83 per cent iti children of x to 3 years of age 
and 34 per cent in a group from 6 to ro years old 

Therapy 

General Measures — Rest m bed is altogether essential even in 
supposedly mild infections It is mudi better that a patient taken ill 
in unfavorable surroundings diould be made reasonably comfortable 
rather than to take the very real rsk of transportation to a more suitable 
environment A purgative is appropriate to relieve constipation at the 
onset of the disease with preference given to encmata when the more 



YEIXOW TEVEX 


Peltier M Duneui C Jonch re H &. ArqiKt E Vaccination mi te centre U 
fiJvre jaune et la vanole sur des popubtions indigenes du S^n^gal Bull Acad 
Mid 123 137 1940 

Penna H A Producti n of encephalitis m Uoauus riesus with viscerotropic yellow 
fever virus Amer Jl Trap iltd 16 331 936 

Pichat J Note sur 1 unne de sujets attemt defiivtejaane Bull Acad Mid loi 
445 1929 , , , ^ 

Riclsacd E R Organisation of the Tiscerotome service of the Braalun Cooperative 
Yellow Fever Service Amer Jl Trop lied 17 163 1937 
Rush B Medical inquiries and observations containing an account of the yellow fever 
as It appeared m Philadelphia in 1797 5 i 1798 Phila 

Russell A J II Note on the yellow fever position Jl Malanalnst India 2 115 

1939 

Sawyer ^ A Eapeneace in vaccination against yellow fever with immune human 
serum and virus feted for mice Amer Jt Byt 25 an 1937 
Yellow lever Oxford Ued 5 731 1939 

Sawyer W A Bauer J H & 3\hitinao L Distribution of yellow fever immunity 
in North Amenca Central America the West Indies Europe Asia and Australia 
with special reference to the tpeaCaty of the protection test Amer Jl Trap 
lltd 17 137 1937 

SeKard* A W PleiBer reaction with leptospita in yellow lever Antr Jl Trop lid 

7 71 19*7 

Behavior of the virus of yellow fever in monkeys and m ee Broe hat Aead Se 
77 339 >93t 

Teehsical precautions employed in maintaining the virus of yellow fever in monkeys 
and mosquitoes Ante Jl Trop lied 12 79 1032 
Interpretation of the incubation period of the virus of yellow (ever in the mosquito 
[Aidii aefypl ) Ann Trop lied irParasil 29 49 1934 
Immunuation m yellow (ever and other virus diseases Anafng Jl lied ai6 
4S5 <937 

Interpretation of (7Sp rochatla) tnitrrotans of Stinson (1907) in the light of subse 
quent developments Trtnt Roy Soe Trop U i ie Hyg 33 545 1940 
Sellards A V7 & Bennett B L Vaccination in yellow lever with non infective virus 
A n Trop Med IfPorantol 31 373 1937 
Sellards A 3V & Kindle E Preservation of yellow fever vi us B l Med Jl 1 
713 1928 

Sellards A W &. Laigret J Vacanation de I bamme contre U £3vre yaune C R 
Acad Set 194 1609 1932 a 

ContrOle par epieuve sur Maeaeus rkents du pouvoir protecteur du s£rum des 
hommes vaccinis centre la feivre jaune avec ie virus de souris C R Acad Set 
194 2175 2932 b 

Immunisation de 1 homme conlre la fi3vie jaune par I inoculation du virus de souris 
Arch Inst Paste d Tu s 21 a 9 193* c 
Nouvelle demonstration de 1 efficacitf de la vacemat on centre U fi^vre jaune C R 
Aead Sci 201 467 193O a 

Preuves de I immunity acqu se contic la fihvre jaune i la suite de la vaccination 
A el Inst Poi/e« de Tunts 25 424 1939 b 
Senate Document No 822 \eltow Fever Results of the work of Maj Walter Reed 
lied Corps USA andhellowFc e C minis i o Go t PnntingOffice Wash 
git 

Shannon R C Whitman L &. Franca M hellowfe er virus in jungle mosquitoes 
Sc enee 88 no 1938 

Smith E C Yello fever mmune bodies in sheep sera Trans Roy Soe Trop Med 
&• clyt 34 97 1940 

Ptnie K A & PaobeUo A Yellow fever vaccmation with 
cultured virus (17 D) « tji gt immuBg serum Amer Jt Trap Med 18 467 



902 DISEASES CAUSED BY Fn-YRABLE AIRDSES 

Commjsaioa of the Souitt de Padwlope (xgtu|ue Voeu teUtif i Ja va<-«nation 
centre la fiJvrr laaae BuSf Su P«li Ztfi 20 44^ igj6 
Conference Afncaiae de U Fiivre Jaune (Dakae Avrjl igi8) I*atJ» Gouvernement 
ffneral de 1 Afnque Occidentate Fn&^aise 1918 
Dane II fitiloHaret P Ctudecluiiqveduncasde tadningo encephalite au coutade 
la sero lacciaatwn anil amanle Butt Sac Fatfi I.xtl ap J^p rpj6 
Dntieux C ftude de ittiae souchca de vims amanl isolfe par nocuUtirn intra 
cerebrale de sang de makdes i ta souns bUnche Bull Acad ll«il 118, 438 

mr 

bjmendorf J E i. Smith H H Vuttiphcation of yellow fever vims in the developing 
efuefc embryo Pmc Sac Fxper Biof *W 

Findlay G M & Matf^Uum F O Vaecioation centre Ja fiii re jaune ju moyen d« 
virus pantrope atWnui eroployd seut Butt O^tt [ntcrHat d Jlyg Pulhgut 19 
”43 tgji 

Spontaneous varutian m the neurotropic attain of yellow fever vims Btil Jl 
Expef PatK rg 384 1938 

Findlay 0 M & MaeKenaie R D Attempts to produce immani y against yello v 
fever with itued virus if Falk Bad 4j 105 njyb 
Findlay G M Stefanopouto G J Davey T H & Mabafly A F Yelloiv fever 
Harauae bodies m the blood of African aninuls Preliminaty observations 
Trant Roy 5oe rra^ J/«f fir llyg ap 419 1936 
FinUy C J Ttabajos Seleetes del Dx Carlos ] Iialsy Selected papers of C J 
Ftalif Pepablii.4de Caba Sectetatia <f« ^awdad y Ben fieencia Ilabsna 
191* 

Day D M 4: SelUrds A \\ Fate of Uftospira icffreides and Ltphtpira lefero 
ftaemeffAaiwe inthe mosquito Udttotgyplt Ann Trep kUd (x PoratiM »i 
ipjy 

OcodpaituK E W Y«lbw fever encepbalilis of the toonkev (Moracuxe/ieiiii) Amer 
Jl Pith 8 137 1931 

Gordon J £ rteparauon and ose of yeltow fever vaccine 7* jij Virus and 
Rii.kettsial Diseases A Symposium held at the Ilaivard School of Public Health 
June s»-i7 1939 Camb 1940 

lloskuis hi Fxoteetive action 0! neurotropic a oiost v>scerotro,^ie yello v feve virus 
in ifocorus x/lerux Amcr Jl Ttop I/ed 15 die tnyy 
Jadm J Culture du virus de la Cbvre jaune sut la membrane cl orio allantoidienne de 
1 embryoa de p^ulet Ann Sot Baft MU Trap 1% »7 JP3 
baigret / fllfsttltats d une mission effectude «n A O F pour J organisaDon de la 
vaccination conlre la hivre launc Butt Sot Path Exol 27(813 1934 
Au lujet des rfiaciwns nerveuses de la vaccination eonlre h fiJvre jaURe Bui' S*e 
Palh Btei 39 833 1936 

Marrhoux Salimbeni & Simond I<a fiivxe jaune Rapport de la mission (raiifaise 
A«« Insl i’<M/eur' 6i$ 1903 

Mathis M Iltudedunesouchede Vitus amatilisolfiedweetementdu sang delhomme 
par laoCttlatioB mira cWbrale h la souru bltncbe Butt Soc Foih Exot 30 
5*5 '917 

Mathis C Seliards A & Uigret J SensihiUK du 3/ocecttt r«ei«s au virus de la 
fivit )aune C R Acad Stt t86 604 ^918 
Mudd S C^rnetky E j Pettit 11 iUckmaa J> Labile bacterial antigens and 
methods for their preparation and preservation Ptoc Amer Pkit Soc 77 
463 tpW . , , 

NicoUe C A J aigret J La vaconaljon coatre » fivvie jiune pat le virus amanl 
vivant dessechf et tniobfi C R Acad dci lot 3c* 193> 

Noguchi H Yellow (ever tesearcl 1918-1024 A summary if Prop Med (r llyi 
28 j8j I9XJ , 

feltier M LaltfiauaPon des me area quaraateoures anti amanJes en laveur des 
vacanfs ayant un test de protection fortement positif Butt Office Inlernat 
d llyi Puiligue 30 254* 193* 



YELLOW jreVEK 


904a 


the rapid and accurate diagnosis of yellow fe»« in wbicb the isolat on of the virus by 
inoculation into susceptible animals and the histological investigations from liver sec 
tions from fatal cases and mouse protection tests on the blood are made 

With reference to the Nuba Mountam epidemic the attempt to isolate 
the virus was not commenced until the epidemic was dying out rapidly 
so that difficulty was experienced in findmg patients in the eari> stages 
of the disease 

However (Mahaffy Hughes Sroitbbumaod Kirk) were able to isolate from patients 
who bad experienced a mild attack of the disease two strains of virus and the results 
of stud es of the reactions m animal their immunological properties and the lesions 
induced by them permitted a conclusive identification of them as strains of yellow fever 
virus While yellow fever virus had previously been isolated in West Africa it had not 
been in Central or East Africa although the existence of the d sease m the latter areas 
had been indicated pre lously by the results of immunity surveys 

TheLeague of Nat ons report that in the Nuba Mouota ns Aedesatgypit is prevalent 
in small numbers during the rainy season but its comparative absence in most parts of 
the > ear has led to the suspicion that this outbreak may have been due to the ;ungle 
type of the disease Other species of Aed s and Uonron 0 A/ tcana which are known 
to be efficient transmitters were collected in A icraft at the aerodromes of the Sudan 
In regard to the >ellow fever situation in the Americas Sawyer (194a) 
emphasizes that the outstanding characteristics of the histone > ellow fever 
picture were sudden epidemic extensions of the disease far beyond known 
endemic foci followed by the absence of the disease or relative quiescence 
In his discussion of the outstanding features of the yellow fever situation 
in the Americas at the present lime he points out 

(t) Abience of definite outbreaks of urban aegypti transmitted yellow fever an> 
where (1) Absence of recogn zed yellow lever of any transmusion typo outside of South 
America (3) Jungle yellow fever endemic and as migrafing epidem ca m wide areas of 
the interior of South tmerica (4) Effect « methods for keeping cit es non nfectible 
through Aed s aetyplt control and 5) A safe and effective way to immun ae against 
yellow fever and p event its spread from the jungle to infectible cities 

A report from the Brazilian Federal Public Health ‘^rvice of 1942 has pointed out 
that urb n yellow fever d sappeated from the country and has not been present since 
1934 In regard to the situation concerning jungle yellow fever whereas 217 cases of 
the d sease we e discovered m [937 26311)1938 lyoin 939 17a in i94oaTid 19 la 941 
only to cases have been reported during the current year up to July 31 Since 1937 
well over 2 million people have been immun aed against the d sease with vaccine pre 
pared at the Rockefeller Laboratory of this city 

Wth reference to prevention Sawyer points out the importance of 
control work carried out in American aties and that such control by 
keeping the city of Rio de Janeiro non infectible possibly prevented a 
serious epidemic of yellow fever in 1938 following the entrance into that 
city of four persons infected in the jungle areas 

Soper {194 ) under whose direction the control methods have been 
prosecuted points out that these include the weekly investigation of 
premises for A aegypti larvae the destruction of breeding places and 
the search for additional mosquitoes by special squads with findmg and 
destruction of breeding foci tf mosquitoes are found the application of 
petroleum (3 pans fuel oil and i o! kerosene) is recommended as being 
more effective than merely emptying out the water Breeding has been 
so greatly reduced bv such methods that m many cities it has been possible 
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Addendum — Since the ptepatalioti of this chaplet upon yellow fever 
Findlay has reported upon the d>«lnbuuon of the disease tn Africa and 
ha published two maps showing the chanRCS that have occurred In one 
of these ts indicated areas in which actual cases of the disease have been 
recorded between igii and 1941 In the other are shown the areas in 
which posilzve results have been obtained with immunity tests to yellow 
fever The areas m the latter map ate much more numerous and more 
widely spread !More recently (toward the end of 1940) the most extensiv e 
epidemic of jelJoiv fever recorded in Afnca has occurred in the Nuba 
Mountain region of the Anglo Egyptian Sudan m which over 15 000 cases 
with I 600 deaths were repotted There is evidence that the infection 
may have been present in the Sudan for a long lime since mouse protection 
tests have giien positive results >n eveyy region where they have been 
emplov ed 


FindUy Rirk and Le\ i* (1941) have emphauzed the diff c dty in diagnosing yellow- 
fever in the field by clinical means and that this has been well illustraled by the occur 
rence of two epidemics not of jeJIow fever but a «ocialed with jaund ce and black 
von)itJns«f»ch®<^'“’’>ed dunng !940HitbeTai<JihHsandinandaround EJObeid At 

the same time yellow fever was present mother parts of the province of Kordofan (Fast 

Sunad) and he pwnts out it ts suggestive that faboratory proceedures are essentia! for 
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The outbreak which has occurred m our troops especiallj between 
March 7th and Julj 4th 1942 following the use of vaccine against >ellow 
fever was reported b> Secretary of War Henry L Sttmpson on July 24th 
when It was announced that 28 585 cases of jaundice had developed among 
the Army Personnel and of those effected 24057 were among troops in 
the United States and 4 528 among personnel abroad The ratio of deaths 
was I for every 461 cases or a total of 6 deaths in all 

Circular letter Number os from the Surgeon General s Office United 
States Army was published in the JoumM of the American Medical 
Association September 5 1Q42 which pointed out that the peak of the 
incidence among the troops m the Umted States was reached in the week 
ending June aoth since when there has been a progressive and un inter 
rupted decline In this Circular there are reported epidemiological 
clinical and pathological conditions regarding the outbreak The epi 
demiological features have especially been studied and emphasized by 
Colonel S Bavne Jones The pathological material has been assembled 
at the Army Medical Museum Washington D C and has been particu 
larly studied by Lt Colonel Baldwin Lucke 

The chief pathological lesions observed were those of acute or sub acute y ellow or red 
atrophy of the liver The earliest lesions consist of frank necrosis of liver cells in the 
central parts of the lobules There are no inclusion bodies present at any stage TH 2 
lesions differ diitincdy from the lesions of yellow fever The Surgeon General ea her 
in the spring ordered discontinuation of vaccine then in use and since then the vaccine 
has been prepared without the human serum comp nent and it is hoped the risk of 
jaundice has been ehmi ated 

Regulations concerning vaccination against yellow fever a e matters of international 
importance Those m effect for the United States Army are coordinated with British 
regulations applicable to areas m which yellow fever is endem c or a potential hazard 
All military personnel of the United Stales Army traveling to or through or stationed 
in areas in which yellow fever is endemic should be vaccinated aga nst the disease 
At the present t me these endemic areas are defined as follows In the Eastern Hemi 
sphere the portion of Af ica lying between latitudes 16 degrees North and i * degrees 
South Including the islands immediately adjacent in the Western Hemisphere the 
mainland of South America lying between latitudes 13 degrees North and 30 degrees 
South includ ng the islands immediately adjacent and the Repubhc of Tanama 
including the Canal Zone 

The yellow fever vaccine used in the military service consists of a spec al strain 
of living yellow fever virus which has been attenuated through cultivation m chick 
embryos The mate al is placed id ampules and is then rap dly frozen dessicated 
sealed and stored at a temperature not higher than o C 

F ecautie s — ( ) The vacanolinf dost m o 5 c c vf Me i 10 dilution of thi com n 
Iraled race ne 0 ly 0 e d te a required Every p tea f on mi it be taken to atoid (itt j 
the tacane 1 d I led 

(]) After an ampule of vaccine has been opened any vaccine which remains unused 
after i hour will be discarded 

(y) Aellow fever vaccine will be admnste ed only to persons who are m good 
health and who are free f om acute disease 

React ons/rom lelloto Feier t occine — Abo t s pe cent of those receiving this vac 
cine may exhibit a shght febnle reaction on the fifth to the seventh day 

Sellatds (1941) emphasizes that effective immunization requires the 
injection of living modified virus and the development of an infection 
In view of the severe reactions which sometimes follow the use of living 
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to lower the cost of the service bv lengthening the period between house 
inspections 

Soper also emphasires the success that has been achieved m certain towns in South 
America m which there has been complete ccadicationol the species A Wes For 

example in at least aix states in Brazil it can no longer be found and the same is true m 
certain areas in Bolivia The success achieved in some of these campaigns he points 
out gave confidence and inspirabon to the workers in the conquest of A gombiat from 
other areas in Brasil 

Sawyer however points out that while cities may be kept free of infection by Atdes 
aegypit control vaccination is the only measure practicable against jungle yellou fever 
and that to date it has been appbed on a large scale mostly to stop an existing epidemic 
or to immunize against an expected one 

Bauer (1939) calls attenUon to the fact that during the application of 
the earlier tiTpe of \accine especially when a tissue culture virus grown 
m the presence of mouse embr\o tissues (Lloyd Theiler and Ricci) and 
immune scrum ofeither human or animal origin was used, delayed jaundice 
was observed among certain of those vaccinated Attention is called by 
bellards (on page 895 of this chapter) to the development of jaundice of 
unknown etiology in 30-30% of those vaccinated (Soper and Smith 1938) 
Findlay and MacCallum had a similar erpenence m England m which 
jaundice or hepatitis developed and ate inclined to believ e that the jaundice 
was due to a ccntaminating virus present m the vaccine possibly cuUi 
vated along with the virus of yellow fever m the tissue culture which had 
a long incubation period and a selective affinity for the liver However 
following the introduction of another strain of virus in Brazil no jaundice 
apparentW occurred in the inoculated until 1939 

In about jo pec cent of the iii 4 ivi<lu»lz vaccinated vvith 17D virus traces of it were 
found 10 the circulating blood alter vaccination l!o*ever it was definitely proved 
through a series of experiments by Whitman that this concentratioD is inadequate for 
infecting mosquitoes and on the basis oi the results of these and other experiments on 
both man and monkeys Bauer feels confident that there is no danger that vaccinated 
persons serve as a source of infection lor mosquitoes 

Fox Penna and Para (1942) have made a careful study and give a 
detailed account of the icterus and hepatitis in Brazil follow mg v accination 
against yellow fever m 1939 and again in 1940 In the 1939 outbreak 
nearly 27% of the 304 persons vaccinated with the 17D virus became 
icteric for the most part during the 4lh or 5th month following v accination 
In the 1940 outbreak there were x 07a cases and 24 fatalities from their 
clinical and pathological findings which are discussed in detail there was 
revealed that the disease process fundamentally involved injury to the 
hepatic parenchyma and there were produced in fatal cates liver lesions 
similar to those een in acute and sub acute yellow atrophy 

Although the disease is clmicaUy mdistmgmshsble from the group of cases classified 
as catarrhal jaundice or infectious or epidemic hepatitis it differs from this 
Utter group in »t» unusually Jong incubation period and in its predilection for adults 
Wbetber'tbe agent giving nse to the jaundice was a contaminating virus which gamed 
entrance to the vaccine virus chain by way of human strum and persisted through an 
indefinite senes of Ussue culture passages as a strain contaminant could not be 
concluded 



Chapter VXIV 

DENGtJE AND DENGUE-LIKE FEVERS 

Definition and Synonyms 

Synonyms — Dandj fever (the word dengue is supposed to be 
derived from the Spanish equivalent of dandy or dtnguero) break bone 
fever bouquet German dengue fiebcr 

Definition — Dengue is an acute infectious disease due to a filterable 
virus transmitted b> species of mosquitoes of he genus -iedes 

It IS characterized by an initial three or four day febrile paroxysm 
of very sudden onset a remission which comes on about the fourth day 
and a terminal rise of temperature for two or three days — Ihe saddle back 
temperature course Backache and pains about the muscular attachments 
at the joints and especially a marked postorbital soreness are important 
features An eruption appears about the third or fourth day Leuko 
peiua and polymorphonuclear reduction are constantly noted Apathy 
and a mild neurasthemc state may continue into convalescence 

The striking eruption which appears about the time of the leimssion 
of the fever has caused the term bouquet to be applied to it while the 
severe pains m the back joints and postenor orbital muscles suggest the 
name of break bone fever 

History and GEOCRArniCAL Distribution 

History — ^Vhlle Hirsch gives the credit for the first mention of the 
disease to the chronicler Gaberti who described a disease with certain 
resemblances to dengue as existing m Cairo in 1779 yet for the reason 
that certain clinical features of this epidemic would hardly appear to 
belong to dengue as we know it there would seem to be good ground 
uponwhich to give the credit of priority to Benjamin Rush who under the 
designation break bone fever gave us a true picture of dengue as it mam 
tested Itself in Philadelphia in 1780 

Gaberti was particularly impressed with the knee inv olvement so that 
from his description the disease was known as the disease of the knees 
He further noted swelling of the fingers and that the pains continued 
for more than a month The sudden onset and the sweating would seem 
to belong to relapsing fever as well as to dengue and in support of the 
view that the disease described by Gaberti might have been relapsing 
fever we have the statement of Sandwith that bone pain chiefly of 
the knee is the symptom most complained of by the Egyptian native with 
relapsing fever 
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neurotropjc virus from mice, he made experiments, using \ery dilute 
suspension of the French neurotropic strain injected intracerebrallv into 
monkej s 

\\ hen the dilution reached i s ooo ooo or i lo ooo coo the inoculation of o x c C or 
less into the cistema magna of monkeys produced no clinical s^ mptoms but four out of 
five were immunized 

The inoculation of similar doses rnttacerebrally was usually followed b> death from 
encephalitis Out of two monkeys with gross trauma of tie frontal lobe inoculated 
subcutaneously with larger doses one died of yellow fever and the other remained well 
and dev eloped immunity He points out that accidents of vaccination have occurred 
m any form of technique in which hving virus is employed and up to the present 
patients have shown symptoms of meningitis encephahtis or myelitis followed bv com 
plete recovery without sequelae 

He believes that sero vacanatioo has luntted possibilities for on some 
occasions many of the patients failed to develop a protective serum and a 
few of these persons subsequentlj developed yellow fever, some of theinfec 
tions being fatal He considers that there is opportunity for improve 
ment in any of the techniques in use at present and quite clearly they 
do not represent in detail themcthodswhichwilleventually bedeveloped 
for vaccination against yellow fever The sad illness which recentlv 
terminated in death prevented Doctor Sellards from further mvestiga 
tions upon this disease 

Soper (1942) with refereoce to the therapy of yellow fever states that the situation 
can be given in the words of Lin s the disease cures itself or blls m spite of any and 
every treatment Once yellow fever has declared itself there ate no known specific 
serological or chemical agents of value although there are certain cleat indications for 
aymptomatic treatment and careful nursing is essential (R P 5 ) 
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Chapter XXIV 

DENGUE AND DENGUE-LIKE FEVERS 

Defimtion AMD Synonyms 

Synonyms — Dandy fever (the word dengue is supposed to be 
denied from the Spanish equivalent of dandy or dettguero) break bone 
fever bouquet German dengue fieber 

Definition — Dengue is an acute infectious disease due to a filterable 
virus transmitted by species of mosquitoes of he genus Aedes 

It 13 characterized by an imtial three or four day febrile paroxysm 
of very sudden onset a remission which comes on about the fourth day 
and a terimoal rise of temperature for two or three days — Hie saddle back 
temperature course Backache and pains about the muscular attachments 
at the joints and especially a marked postorbital soreness are important 
features An eruption appears about the third or fourth day Leuko 
pema and polymorphonuclear reduction are constantly noted Apathy 
and a mild neurasthenic state may continue into convalescence 

The striking eruption which appears about the time of the remission 
of the fever has caused the term bouquet to be apphed to it while the 
severe pains in the back joints and posterior orbital muscles suggest the 
name of break bone fever 

History and GEOCKAPaiCAL Distrisdiion 

History — ^Vhllc Hirsch gives the credit for the first mention of the 
disease to the chromcler Gaberti who desenbed a disease with certain 
resemblances to dengue as evisting in Cairo in 1779 yet for the reason 
that certain chmeal features of this epideouc would hardly appear to 
belong to dengue as we know it there would seem to be good ground 
upon which to give the credit of pnonty to Benjamin Rush who underthe 
designation break bone fev er gave us a true picture of dengue as it mam 
Tested itself m Philadelphia m 1780 

Gaberti was particularly impressed with the knee involvement so that 
from his descnption the disease was known as the disease of the knees 
He further noted swelling of the fingers and that the pains continued 
for more than a month The sudden onset and the sweating would seem 
to belong to relapsing fever as well as to dengue and in support of the 
view that the disease desenbed by Gaberti might have been relapsing 
fever we have the statement of Sandwith that bone pain chiefly of 
the knee is the symptom most complained of by the Egyptian native with 
relapsing fever 
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Dejlon who teporled an outbreafe rpidemic disease w Batavia In 1780 staled 
that evmijrd) was attacUed and that the symptoms were almost ihe same as those 
ushering in plague— headache iassiiude and pauis in the joints Jle noted ho\ ever 
that this epidemic had no had consequeoees patients getting rid o( it in three dajsundet 
moderate diet and copious beveragw Ashburo and Craig in 1907 proved that the 
disca e could be traitsmitced bj tnjectionsof tdood filtered as well as unfiltered Ban 
ccoH (1906) and Clnland and bis aasotiates ^iqrd) dei^onstrated the dnea e is trans- 
muted by the mosquito Aedtt afgypii 

Oeograpbieal IDrstnbutioa —Dengue fever may occur in epidemic form in almost 
an> partoi the tropical or subtropical woiM It is very common in the countries about 
the China Sea the Pacific Islandsand in the West Indies In South America it has been 
reported as far south »s Sao Paute Brazil In Australia in iqn almost half of the 
population of Brisbane suffered from U theinfectwnsocciirtingrapidlyin tbecourseofa 
fe V \ eeks It is atill very prevalent m North Australia and occurs afong the northern 
and eastern seaboards especially in the northern temtory alongthecentralQueensI nd 
coast and the Northern Kivers dislntt of Neu South Wales In 1928 verylargeep 
dejnics occurred in Greece and Egypt which a tracted great attention antong medical 
men in different parts of the \ oitd In the years jqit-jS a million and a half people 
weresaidtohavebeeriaitaeked InCaico Wakil reported an epidemic of 7594 

In the United States since tSas v.hen the disea t appeared m CharUston S C 
epidemics have occurred from time to time nbieh have been usuaiyhmiied to the Gulf 
states though ometimej the disease has occurred as far north as Thiladelphia New 
\oik and Boston During the summer ot iSSj three quarters of tb population of 
wetlerRTeesswererepottedassu<Terinj;fro>ndengue andm rSg half of the inhabitants 
ofDsIlas In S9sa and agamin 1944 epidemiesoccurrcd in ihesouthern states when 
in rpaa more lhae a million cases v ere reported 

Ia earlier jears several epidemics oJ ibe disease occurred m Honolulu notablj in 
1903 when tome joooo cases i ere reported A smaller outbreak oteurred in ipte 
In 943 a net outbreak started in July in Uaikib By September the epidemic 
reached us peak nUh 160 new cases per week The total number of cases up to the 
end of December 1943 had reached » 340 as reported by Usmger 

Sapero {personal communication 1944) reports that dengue has appeared m epi 
<Jeftji< proportions w many of the FaciCc island during the present W orld W ar These 
epidemics have com lied i Mb thcdislribulion of ledfjarfv^i The disease spread to 
newly occupied islands from such old endemic foci as Tulagi New Caledonia and Fiji 
The spread through the Fscific islands began at Tulagi and continued eastw ard to the 
lan Islands i here for tl e first tinoc in some years dengue appeared in epidemic 
proportions in Ilonofu u U! occupied aslands were not involved Only those islands 
became affected in v hich Aedec aegyN' csisted before occupation and in \ hicb con 
ditvons became (avowble for thew increased density 

Carson {1944) emphasizes that ibc disease bas become an important cau e of 
absence from duty m the South Pacific co-mbat area The infection has been introduced 
into vslands where it was not pteseat bj aviatwn personnel coming from infected 
region# The suggestion is made that pos ibly Aetfawntgaff r var J/hridriis might be a 
lector although positive proof is lacking This mo qu io lay s eggs m holes anywhere 
along the trunks ol tree and the heavy tainfaYl provides sufficient moisture lor larval 
developmerl Atleastt 0 weeks absen el am trenousdutynasusualintheaverage 

McCarthy and Brent <19431 have given an. iccomi of an outbreak in Europeans and 
Afncaits occurring in the Comciro Islands east of Tropica! Fast Mrica The outbreaks 
followed a rapid increase in Ardes mosrfjwloes 

Ttiolocv anb Eto>et«ioi.ooy 

Etiology — The d sea e is caused by a ^Itmble virus which is present m the patient s 
blood from the onset to the third day Nd vts bte orgsmsm is recognized a« the cause 
of the d sease Graham reported a jurojilasni like organ sm as the cause but ther 
workers have faded to confirm this Couvey reported the presence of short sp ro 
chaetw in the blood i or 3 hours before Hie onset of the f er —never later They had 
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2 or 3 turns and fine CTtremities Se>ml other reports of the presence of spirochaetes 
in the blood haNe been made Ho’sever it is iio\ recognized that the disease occurs 
entirel> independently of any visible microoTsan sm CleLind and many others have 
1 culated guinea pigs and rabb Is s ithout result and have been unable to find 
spirochaetes 

^shburn and C ag (tgoj) demonstrated that a hltrable virus i pre ent in the 
peripheral blood of patents from the da> before the initial fever until the third or 
fourth day of the di ea e They found that the tiltrate was mf ctive when m culated 
either intravenously or subcutane uslyr into su ceptibte indiv duals 

The culti at on of the virus of sandfly fever and of dengue fever m the chono 
allantoic memh a e of the chick embryo has been recently reported in India by Shortt 
(See sa d fly fe er p 918 ) 

\inis containi g serum remains inlecb e for or 3 months if kept in sealed tube 
and in the dark The rus is destroyed by a temperature of ,0 L for 30 minutes 
H never it can be dried and f ozen viithout 1 s ng its virulence Hoffmann and Mer 
tens and ‘'nijders transp rted the dned serum from /a a to Amsterdam and inoculated 
volunteers with it repr duemg typical fever 8j days after the serum had been taken 
from dengue fever patients Blanc however found that desiccated and refrigerated 
serum would remain virulent only 9$ day It has been found possible to transmit the 
virus to certain non immu e monkey producing after $ days of clinically negative 
infeetionanmfeetmgseruni which wjJIcauseihediseaseinm n through transmissi nby 
t des that had fed on the monkey s bixxl Manoussaki b s shown that dengue virus 
can be tiansTtiiUed almost indefimtely from one olwnteer to another by the inoculation 
of the bio d in each case the incubation period bei g 5 to 7 days 

Trassiiussioa — Graham inS>na suggested that the disease is trans 
nutted by a mosquito Culex faltgant but no satisfactory experiments 
were published In 1907 Ashburn and Craig showed that this mosquito 
may sometimes transmit the disease mechanically In 1906 Bancrolt in 
Australia transmitted the infection through Aedes aegyptt and m a 
senes of carefully carried out experiments Ciebnd Bradley and McDonald 
m Australia (1916) and Siler HaUandHitcbens{i936)inthePhil]ppiDes 
demonstrated conclusively that the disease is conveyed by Aedes aegypit 
(see Fig 200) and not by Culex faltgans It was shown that the blood 
of a patient with dengue fever can infect a mosquito during the last day 
of the incubation period and several hours before the onset of the fever 
and that the blood remains infective dunng the first 3 day s of the disease 
After ingesting infected blood from 8 to ii days (depending on the 
temperature) must elapse before the mosquito can transmit the infection 
to man thus parallebng in a way the transitussion of yellow fever The 
mosquito after it is infected remains so throughout its life In one 
instance it is reported a mosquito transmitted dengue that was infected 
75 days previously No evidence has been produced demonstrating 
that the virus is hereditarily transmitted m the mosquito When the 
temperature is below 18 C mosquitoes do not become infected 

Simmons and his coworkers (1931) in Manila showed that the dengue 
virus as it exists in the mosquito Aedes aegypu is filtrable They were 
unable however to infect larvae by adding the virus to the water m 
which they were reared Apparently the virus is distributed throughout 
the tissues of the mosquito 

Kokzumi (1917) reported * positive cases in which the transmitting 
insect was Aedes alboptclus {Stegomyta scutellans) and another common 
oriental house mosquito {Despoydea oblurbans ) Simmons (1940) states 
there was some question in these cases as to whether the precautions 
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takeu had ehminated the possibility of natural infection with iedes 
aegyptt However, 4 was reported by Monshita (19 5) to 

transmit the disease in Formosa and Simmons (1930) found it to be an 
effective vector in Phihppmes Aiso m Sumatra Schuffner and 
Smjders (1931) have demonstrated this fact However, Mertens, found 
that in Java A aegypii is a better carnet of the disease than Aedes albopn 
lus In Florida, it has been suggested on epidemiological grounds that 
A Idts latnioTk\nchus may act as a transmitter * 

Many attempts have been made to produce infection with the virus 
ot dengue in laboratorv animals Tliesc have in almost all instances 
failed However Simmons (1931) found that it was possible to infect 
certain monkeys jlfacoeta caught at elevations above 

4000 ft in the dengue free mountains of Luzon andmonkejs Jlf /itscahts 
imported from Japan The disease was transmitted bv Aedes mosquitoes 
from infected human volunteers to the monkevs and from these animals 
It was transmitted through mosquitoes to other monkeys, and back to 
man However the symptoms produced m the monkeys were not 
sufficientlj characteristic for diagnosis Blanc (19 9) also has reported 
the production of symptomless infections m Asiatic and African monkeys 
by blood iroculations 

Epidemiology — Only dengue and influenza seem to afSict commumtws 
with such dramatic suddenness and extent In the history of dengue 
there are similar pandemic recurrences as m influenza It is not mfte 
quest for more than half the population of a citv rapidly to become 
victims of this temporarily most incapacitating but least fatal of the 
epidemtc diseases It is now believed that dengue is not transmitted m 
nature by Culex fati$ant, the common culicine species of the tropics but 
by Aides oegvpti the transmitting agent of yellow fever However, as 
noted, Simmons (1940) and others have shown that Aedes alioptclus is a 
biological vector Also, in some experiments in which large numbers of 
Cultx fatigons were employed it appeared that mechanical transmission of 
the vitu®. might occur 

Aides mosquitoes ate often termed the domesticated ones since 
they ate observed to breed and pass their lives in the immediate environ 
ment of man and further to be dr>ttnct{) urban rather than ruraJ, m 
their distribution For their breeding places they choose artificial collec 
tions o{ water such as cisterns, barrels pails, bottles and cans m or neat 
dwellings These mosquitoes are small in sue silver striped vicious 
feeders, and verv alert The female alone bites bhod apparently being 
necessary for ovulation It feeds espeaally during the morning and 
afternoon hours — ^much less commonly at night unle s there is a light 
Other points regarding this mo quite have been discussed more fully 
under yellow fever, Chap VKIII 

The epidemiology of dengue fever appears to be especially dependent 
upon the conditions which ate favorable to the development of the rnos 
quito, IgJesaeiypis la its pandemic form it not onlv occurs m coastal 
towns but may ascend mountains to an altitude of 5<x>o ft When u 

Recent i»oik Ititd out tn the Southucst Paofe b> David Alhttton and otters } as 
demonstrated that Udts seultlliris » capable rt transmittii g the disease m eti erimeatj 
w human beings 
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extends be>ond ordinary tropical limits the extension occurs only during 
the summer months or hottest part of the >ear sometimes in the early 
autumn In the Far East the disease occurs particularly after the rainy 
season June July and August It is usually more prevalent in coastal 
tov,ns and about the deltas of great mers 

Blanc (1932) notes that for an epidemic to occur the locality should 
have been free from outbreaks for a considerable penod and that Aedes 
mosquitoes should abound A less dramatic outbreak is followed by the 
explosive one the virus being maintained in the interval chiefly in the 
mosquito At the time of its most active breeding the widespread 
epidemic appears 

PATnOLOCY 

As death occurs very seldom in the uncomplicated disease reports 
of autopsies upon dengue fever patients have been few Manson Bahr 
(r94o) notes that in the autopsies reported localized pulmonary and 
intracranial inflammation were the special features Serous effusions in 
the neighborhood of joints have also been noted Myocarditis and 
nephritic lesions and a true encephalitis have also been mentioned 
Meekins (1936) observed cloudy swelling of the viscera particularly 
of the liver which might be fatty and a few petechial haemorrhages in 
the gastro intestinal tract Heiser (1937) mentions one autopsy in an 
uncomplicated case in which the only abnormalitv noted was an enlarge 
ment of the internal lymph nodes There was no increase in the size 
of the liver or spleen 

A number of deaths were reported during the Grecian epidemic but 
these occurred only among the very aged and hence the lesions reported 
have little significance It seems obvious that we have no defimte 
knowledge of any characteristic pathological changes in the disease 

Immunity — The question of immunity in dengue fever is not entirely 
clear One attack frequently appears to protect However de Langen 
(1936) points out that it is certainly not exceptional to find a person 
having had more than one attack in an epidemic and Manson Bahr (1940) 
states second and even third attacks have been recorded Nevertheless 
a number of workers have failed to reproduce the disease by injecting 
virus into individuals within i to 10 months after they have recovered 
from an experimental infection Thus Schule found that certain of his 
volunteer American soldiers proved remarkably resistant to experimental 
infection with dengue blood They had for some time been resident in an 
epidemic area of the disease and it was suggested that this immunity 
might be due to previous mild attacks of the fever 

Manson Bahr (1940) says that immunity in dengue does not last 
more than six months However Simmons (1931) demonstrated from 
expenments on about 100 soldiers that a protective immunity after 
inoculation could last at least 13 months 

Simmons has found an unmumty among natives and monkeys in 
endemic areas He suggests that a virus reservoir might be maintained 
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taken had eliminated the posabibtj of natural infection v,ith Aeits 
atgyph However, A alboptctus was reported by Monshita (1925) to 
transmit the disease m Formosa, and Simmons (1930) found it to be an 
cSective \ector m the Pbibppines Also in Sumatra SchuSner and 
Snijders (1931^ have demonstrated this fact However, Jfertens found 
that m Java A aegypti is a better earner of the disease than Aides albopn. 
his In Florida jl has been suggested on epidemiological grounds that 
Aedes laentork\n(hus may act as a traosoutter * 

Manj attempts have been made to produce infection with the virus 
of dengue in laboratory animals The e have m almost all instances 
failed However Simmons (rgji) found that it was possible to infect 
certain monkeys, Macacus phiUppensts, caught at elevations above 
4000 ft m the dengue free mountains of Luzon, and monkeys Jtf /«scafns 
imported from Japan The disease was transmitted bj Aedes mosquitoes 
from infected human volunteers to the monkevs and from these animals 
It was transmitted through mosquitoes to other monkejs and back to 
man However the symptoms produced m the monkeys were not 
sufficiently characteristic for diagnosis Blanc (t9?<j) also has wported 
the production of symptomless infections in Asiatic and African monkey s 
bv blood moculatioQs 

Epidemiology —Only dengue and influenza seem to afflict communities 
with such dramatic suddenness and extent Id the history of dengue 
there are similar pandemic recurrences as in influenza It ts not infre 
quent for more than half the population of a city rapidly to become 
victims of tbis temporarily most incapacitating but least fatal of the 
epidemic diseases It is now believed that dengue is not transmitted in 
nature bv CuUx Jaiigans the common culicme species of the tropics but 
by Aedes aeg\ph, the transmitting agent of jellow fever However as 
noted Simmons (1940) and others have shown that Aedes alboptcfus is a 
biological vector Also in some erpenments in which iai^e numbers of 
Cu'exfaitgans emplo>ed it appeared that mechanical transmission of 
the virus might occur 

Aides mosquitoes are often termed the domesticated ones since 
they are observed to breed and pass their fives in the immediate environ 
ment of man and further to be distinctly urban rather than rural, in 
their distribution For their breeding places they choose artificial collec 
tions of water such as cisterns barrek pails, bottles and cans, in or near 
dwellings These mo quiloes ate sraaU m size silver striped vicious 
feeders and verv alert The female alone bites blood apparently being 
necessary for ovulation It feeds cspeaaUy during the morning and 
afternoon boars — much less commonly at night unless there is a light 
Other points regarding this mosquito have been discussed more fully 
under yellow fever Chap XXIII 

The epidemiology of dengue fever appears to be especiail) dependent 
upon the conditions which are favorable to the development of the mos 
quito, Aides eegyph In its pandemic form it nit onl> occurs in coastal 
towns but may ascend mountains to an altitude of 5000 ft IVTieti it 

• Recent worV tned out in the Southwest Pacific bj Pa vid Atherton and others has 
demonstraled that Aedts icuftffarij is capafcleof traetwiUing lf>e th casein eipefimenta 
in human being 
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merit ol the joints and the so called joint pams are really pains of the 
muscular insertions about the joints The backache of dengue is usually 
a well marked feature Iain on motion of the eyeballs is a prominent 
symptom — ^it is a deep soreness 

Insomnia characterued by frequent dropping oS to sleep to be awak 
ened immediately by disturbing dreams is often noted The depression 
mental and phy sical is altogether out of proportion to the lack of serious 
ness of the disease Malaise and anoreva are marked Constipation 
IS the rule at first 

About the third or fourth day the temperature drops to normal or 
about that and remains so lowered for from u hours to 3 days At 
this lime the patient feels much better and views his affection in a less 
senous light After this variable intermission the temperature rises to 
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possibly a greater height than primarily although as a rule it is less 
marked This interval or intermission separating two periods of fever 
gives a temperature chart designated as saddleback However there 
may be only one rise of fever This second fehnle attack is attended with 
pains and possibly greater depression than the first accession It is 
usually however of shorter duration and during this period the terminal 
rash appears This is the most characteristic feature of the disease It 
generally mamfests itsilf about the dorsal surface of hands and feet 
advancing up the forearms and legs Later on it may involve all the 
estremilies face and trunk The eruption is much like that of measles 
but lacks the dusky red appearance of the measles rash It raav how 
ever be punctiform and thus icsemble the rash of scarlet (ever 

With the appearance of the terminal rash crises may occur such as 
profuse Sweating or marked diarrhoea or epistaxis The de quamation is 
furfuraceous in character and may be attended by marked vtchvng In 
(Caucasian) there is a rosy carmine flush of the palms of 
t e hands and soles of the feet Some authorities have reported glandular 
enlargements in dengue 
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in an endemic area m thf absence of susceptible human beings as has 
been later suggested to be the case with jungle jeilow fe\er 

Speci&c antibodies undoubtedlj are produced m dengue fever, as 
the work of Shortt U9d8) in India would indicate Manoussakvs (1928) 
however observed that convalescent serum collected during the first 
month after recoverj and mocukted into volunteers before and after 
the injection of virus failed to protect against infection Other observers 
haw obtained negyitiv e resufta m the few attempts which hav e been made 
to treat dengue fe\ er with such sera 

Relationship to Yellow Fever — There are certain resemblances 
between dengue and jellow fever especially the manner of transmission 
and that each is due to a filterable v inis, also the length of the incubation 
period and the type of fever are similar Here the resemblance appears 
to end as the virulence of the infective viruses is entirelv diSerent and 
the immunity to yellow fever is persistent for long periods Neverthe 
less many authors have stressed the similarity of dengue and yellow 
fever cbmcally and cpidemiologicallv and there has arisen an idea that an 
attack of dengue might give a certain degree of immumty to j cUon fev er 
It IS generally accepted that the immumtv following vcUow fever is 
absolute and fairly permanent while that from dengue is mo t variable 
and individual It has be^n suggested that this may indicate there are 
several strains of dengue virus but only a single strain of yellow fever 
virus Dinger tried to infect m ce nith dengue virus by Tbeiler s intra 
cerebral method of inoculation without effect He subsequently inocu 
fated a number of Che same mice with yellow fever virus and all died of 
encephalitis SchuBaer and Smjdcrs (1933) have successfully demon 
strated that the viruses of yellow fever and dengue are distinct and the 
protective inoculation of the virus cl one does not protect against the 
other Smjders Postmus and Schuffnet 11934) vised the sera of to vol 
unteers who had been expenmentallj inoculated with dengue virus and 
using both the Theilet test and Sawver s modification they were unable 
to demonstrate any protective influence of lhe«e sera against y ellow fever 
virus Blanc in Greece has also found that anti yellow fever scrum 
has no neuiraluing action on dengue and Stefanopaulo afso showed by 
the mouse protection test that the serum from dengue convalescents has 
no influence on the yellow fever vims 

SVMPtOMATOlOGV 

After a period of incubation of from 4 to 15 days more generallv 
from 5 to 0 days the disease manifests itself with stniing suddenness in 
fact the patient can generally recall almost the hour of the onset The 
temperature rapidly rises and in a few hours reaches a maximum of 
from 102® to io5®f Associated with this primary fever there is fre 
quently a blotchy congestion of the face — lh% so called initial rash 

There 15 usually intense headadie pnnopally supraorbital and post 
orbital The pulse rate is shghtiv accelerated at first but soon becomes 
slow and mav fall to 50 from the fourth to fifth day There is no involve 
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(1) The pulse rate is slow for the temperature rise thus reproducing 
a phenomenon common in >ellow fever (Fagets sign) It is in recent 
epidemics particularly that dimcal descriptions have recorded the fre 
quency of a very slow pulse most of the older authorities having noted a 
pulse rate which corresponded to the elevation of temperature 

(2) In some epidemics the feature of glandular swelling is prominent 
while in others the swelling is so slight as to be overlooked 

(3) The characteristic saddle back temperature chart seems lack 
mg in the majonty of the cases m certain outbreaks It is possible that 
somefsuch epidemics showing atypical temperature curves may have 
been due to phlebotomus fever an allied virus or seven da> fever instead 
of dengue However the temperature is often variable as regards type 
in the same outbreak 

(4) In some epidemics the rash is losignificant or very slight in most 
cases This observation is possibl> dependent on the ephemeral character 
of the eruption in certain groups of cases 

(s) From the chart Fig 203 anal)2ing the symptoms m one epidemic 
It will be noted that Lane observed cold c1amm> dusk> extremities in 
17 per cent of his cases This is an unusual finding 

In the Athens epidemic gastro intestinal disturbances vomiting 
epigastric pain and haemorrhages into the skin and mucous membrane 
together with complications such as parotitis otitis media and broncho 
pneumonia were noted De Langen (1936) has noted as comphcations 
febrile albuminuria parotitis and orchitis 

Syuptous IK Detail 

Onset and the Temperature Chart —Dengue probably sets in more 
abruptly than an> other disease The temperature chart is often typically 
saddle back 

The Fains — \ erj marked soreness is often CTpenenced deeply seated 
about the place of origin of the ocular muscles so that every movement 
of the eyeballs is at once complained of as giving pain 

General pains all over the body are common more especially of the 
back and about the tendinous insertions of the muscles which cause the 
pains to be referred to the yomts The knee joint pains are probably 
the most frequent The rachialgia may be as great as that in vanola or 
yellow fever 

The Eruption — The cbaractenstic eruption does not appear until 
about the time of the intermission or with the accession of the terminal 
fever The fall of fever about the third or fourth day is often attended 
by a critical epistaxis sweat or diarrhoea to be succeeded by an mter 
mission of from i to 3 days of a feeling of well being About this time or 
with the secondary nse of fever the true dengue rash appears It is at 
first noted frequently about the bases of the thumbs and extending over 
the dorsal surfaces of the wnsts Almost simultaneously a measles hke 
rash appears over the dorsal and mtemal surfaces of the big toe extending 
to the ankle espeaally over the internal malleolus Later on the elbows 
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Leukopenia and polymotphonudear percentage reduction appear by 
the second day 

CUmCAL CHART 

OhE HUNCWa CASES OT DEKGUt rtVtli 



Pco JOS Ar» 1>* so! Symptoms from too esses oc urnng in sa ep deiaic a 

St Thoinas V I <A(terLane ffom U h Naval Medical Bull tv\) 


Contalescence is apt to be protracted being especially characterised 
by malaise and nervous depression, and sometimes neurasthenia 
^ Clinical Types— In different epidemics it is noted that _ome one 
clinical feature may seem outstanding Of these we may note'— 
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m the epidemic in Cairo of *594 cases that 50 deaths occurred from 
pulmonary and cardiac complications 

DlACVOSlS 

No definite laboratorj test has been developed for the identification 
of the dengue virus and the spealic diagnosis rests largely upon the 
climcal observations and examination of the blood 

The two diseases with which dengue can be most easily confused arc 
influenza and yellow fever In fact when the great pandemic of mfluenza 
(1890) first made its appearance in France many regarded it as an atypical 
form of dengue 

The respiratory involvement of influenza and the eruption and com 
parativcly slow pulse of dengue arc the principal points of difference 
It must be remembered that affections in the tropics diagnosed as influ 
enza have shown but slight respiratory symptoms the cases being more 
of a nervous or intestinal type The eruption of dengue may fail to 
appear or be missed in the study of the case The blood findings should 
aid in differentiation irom influenza as is also true of >ellow fever a 
disease which likewise has blood findings of practically a normal character 
Other than the blood picture we have m yellow fever (i) albuminuria 
coming on about the second day and ( ) jaundice appearing about the 
third day In dengue the eruption appears from the third to the fifth 
day Albuminuria is usually absent m dengue However febrile 
albuminuria is noted as a complication by de Langen (1936) 

Dengue may be mistaken for measles but the early coryza Koplik 
spots and marked rash first appearing about the faie should differentiate 
In scarlet fever the rapid pulse angina and leucocy tosis should be 
sufficiently differentiating 

Confusion with articular rheumatism may arise when the pam about 
vvnsts knees and ankles has been mistaken for true joint involvement 
The headache and backache of smaUpoe may be confusing until the 
eruption about the forehead appears Tlie leukopenia of dengue is the 
main differential point m these first 3 days of doubt 

Papataci fever and Rift Valley fever caused by immunologically 
different v iruses show symptoms of the leukopenia as observed in dengue 
The Seven day fever of Rogers in India and Six day fever of Peeks in 
Panama and the Five day fever of VanderScheer in Datavia mayclosely 
resemble dengue and are probably either identical with dengue or due to 
closely related viruses 

Pbopiiyijvxis and Treatment 

Prophylaxis — This would seem to rest entirely upon the question of 
destruction of mosquitoes and prevention of the infected mosquito from 
biting an individual In dengue the virus is apparently m the blood 
for 3 days so that screening of patients is necessitated for this time and 
for a longer period than for phlebotomus fever 
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and knees may be involved or the rash may cover thickly the entire 
body A carmine flush of the palms of the hands and soles of the feet is 
not uncommon A furfuraceous desquamation, with much itching at 
times follows the eruption The so called primary eruption is nothing 
mote than an initial flushing of the face it is ephemeral The true 
dengue rash ma\ also he quite ephemeral, hut usually it lasts for 2 or 
3 davs, or rarely 4 or 5 da\s 

The Nervous System — Besides the headaches insomnia and depres 
Sion are common and may extend through convalescence Apath> is 
marked 

The Blood —The disease produces little or no change in the ery 
throcytes or haemoglobin, but one of the most constant features of the 
disea e is a marked leukopenia, which was emphasized by Stitt (1906) 
Reports however do not entirely agree as to the duration and degree 
of the leukopema or as to the type of cells involved Stitt frequently 
obsersed a leukopenia of about 4000 from shortly after the onset with a 
reduction of the polymorphonudears to about 45 per cent Dunng the 
attack the eosinophiles are decreased but there is an increase dunng 
convalescence Simmons in an expenmental inoculation of 80 cases of 
dengue in white American soldiers in Manilla found that all developed 
leukopema that the leukopenia usually began bv the second day and 
progressed to a low point of about 2000 cells on the fourth or fifth day 
after onset The counts returned to normal levels sesetal days later 
than did the temperature The leukopema was produced by a decrease 
in both the mononuclear and the mature neutrophilic polymorphonuclear 
cells The latter showed marked degenerative changes during the fever 
and decreased numencaliv from a normal of about 3000 cells to levels as 
low as 300 cells Coincident with this decrease in the mature cells there 
was a marked increase in the immature granulocytes which often began 
on the day preceding the initial fever and lasted throughout the infection 
This early shift to the left he found was a constant reaction which 
often made it possible to anticipate the on el 0! the disease m the experi 
mental infections 

Mortality — Very few deaths have been reported except among infants 
and aged persons when the condition has generally been complicated 

Sharp and Hollar (1935I record one death pet 1000 cases reported 
by Robertson (1905) in an epidemic at Brisbane, and one death 
per 5000 reported by Schrumpf Ihcnon at Cairo m tgzp In 19 S m an 
outbreak in Greece, the death rale reported by Pontano was 1 per cent 
while Cardamitis gave the mortality rate as i to 61 000 Griffiths and 
Hanson state that in the records of the City of Athens Greece for August 
1928 32 6 per cent of the deaths were cerUticd as due to dengue In 
Piraeus where it was estimated that 90 per cent of the population became 
infected 39 7 per cent of the deaths were repotted as caused by dengue 
However, during this enormous epidcimc it seems likely that some other 
virus infection was likewise present and influenced this very high and 
abnormal death rale for dengue tever Wakil and Hdmy (tnjS) reported 
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A alboptclus on endemic cases of dengue in Medan Sumatra and then 
sent them to the Colonial Institute in Amsterdam where the> were 
re fed on volunteers where fever had never been previously reported 
All of the volunteers subsequently developed dengue but it was shown 
that the same virus in the same batch of mosquitoes produced different 
types of fever in different individuals In one case it showed a tjpical 
saddle back temperature in another a continuous fever lasting 7 da>s 
From this it appeared that the Five day fever of Van der Scheer and the 
Seven day fever of Rogers are not distinct diseases 

There has also been described a condition called the red fever of the 
Congo which was formerly thought to be a form of yellow fever Findlav 
has more recently emphasized that it much more resembles dengue than 
> ellow fever 

It should be borne in mind that there is a form of leptospirosis which 
has been encountered in Japan which is caused by Leptospira hebdomadts 
Its differentiation from dengue was made possible by the discovery of 
Leptospira in 1918 by Ido Ito and Warn 

Rift Valley Fever (Enzootic hepatitis) is an epizootic disease of sheep 
caused by a ffltrable virus described by Daubney Hudson and Garnham in 
1931 During the study of a severe epidemic m Kenya British East 
Africa It was noted that the native shepherds and later Europeans in 
contact with the affected ammals developed a short illness resembling 
dengue These investigators also produced the disease in a volunteer by 
inoculation with the blood of an infected sheep Since that time a number 
of laboratory workers in this country and abroad have contracted the 
disease while studying the virus 

Tti« disease can be transnitied to cattle (a small ep tootic of natural infection 
IS recorded) goats certain species of monkeys rats mice and other small rodents 
Guinea pigs and rabbits however appear to be resistant The infection can be pro 
duced by application of the VI us to scarified skin theconjunctivae or nasal mucosa as 
well as by subcutaneous or mtrapentcmeal inyection There is some evidence to suggest 
that mosquitoes ot the genus hfonson o act as vectors but this has not been definitely 
proved The characteristic pathological les on in lambs and also n inoculated mice 
IS a marked focal necrosis of the liver Stained sect ons show acidoph 1 c intranuclear 
inclusions m the hepatic cells 

Macken le and Findlay (1936) obtai ed a fixed neurot op c strain of Rift Valley 
fe er v rus by the injection of immune senim into an animal prior to an intracerebral 
inoculation of virus Some of the ne e cells showed intranuclear mclusions simil r to 
th se p oduced by the neu otropic type £ yrellow fever virus They suggest that Ihi 
restra mng action of specif c antibodes may prod ce neurotropic van nts of other 
viruses a d th t the occur ence of nervous % quelae in virus nf ctions m man may be 
e plained mas milar way Tbet occurs in the bl od liver spleen nd the orga s 
early in the disease in both an mals and m n It will pass thro gh Berkcfeld candles 
N \ and V\ and Broom and Findlay have estim ted ts size at from 23 to 35*i« by 
nitration th ugh c Uodion membiaDes Uacken le has culti ted the virus m a 
medium of chick embryo and Tyiode s sohiuon It c n be p eserved in bio d conta n 
mg o s'” phenol for months in the ice chest 

Immun ly — The serum of convalescent an mals and man contains irus neut ah i g 
ant bodies for s ve 1 months after recovery but the immunity is n t permanent 
B 00m and Fmdlay have demonstrated complement fi. mg antibod eswhicha e appar 
e tly spec fic for Rift Valley fever andwh chtheyfound topers st for at le stfimonths 



Because of the high incideBce of dengue particularly among Amencan 
troops m the Philippines, attempts have been made by Array medical 
officers to de\eIop a prophylactic vaccine No protection, hoN\e\et, has 
been demonstrated bj such measures— as blood rendered non infective by 
free,uing dr>ing and storage, and saline suspensions of macerated, infected 
insects rendered bacteria free bj the addition of phenol or formalin 
St John and Holt also prepared a prophjlactn, against dengue by 
eviractmg the hver and spleen of dengue i^ccted monkeys However, 
It did not protect volunteers froin an espenmental infection later, although 
some of the attacks seemed to be milder 

Treatment - The malaise and depression are generally so great that 
the patient keeps his bed voluntarily A light diet is indicated although 
the anorexia is so marked that it is difficult to persuade a patient to take 
food Cold spongings, provided the patient is not disturbed by being 
moved are of value for the insomnia Phenacetine or aspinn may be 
given for the relief of the headache and backache It is rarely necessary 
to give morphine During convalescence tomes ate indicated and if 
there is any condition where a good wine is of value it is this to counter 
dct the terrible depression It has been suggested that adrenal insuffi 
ciency may account for the asthemc protracted convalescence and from 
this standpoint adrenalin has been recommended In the kthens epi 
deinic urotropine was found to be of value when given in full doses jd 
the early stages 


Devcuf tiM Ievers 

There art a group of febrile conditions which in rnan> respects resemble 
epidemic dengue fever and which occur more frequentl> m sporadic 
ca es but which differ from one another in their duration rather than their 
svmptoinalology 

Van det Scheet described such a fever m Batavia, with a course of 
5 dajs This became knenn in the Dutch East Indies us the Fi e day 
/e er <?/ Van der S leer 

Decks la Panama described a very similar condition with a course of 
6days Rogersio Calcutta one]astiJig7da}S,BaernianninDeUii Sumatra 
one lasting o days Others have b«n dracribed in different parts of riie 
world vatving from 3 to to davs In the disease described bv Decks in 
Panama there was a continuous fever for d days and an enlargement 
of the spleen which wa said to differentiate it from dengue 

Dd-angen (1936) points out that the Five day fever of Van der Scheer 
is spread widely over the entire fast Indies and that it 1 impossible and 
unnecessary to differentiate all these dengue hi e fev ers from one another 
as they all have the same symptomatology but only differ locally in 
duration Thu he points out that in the same place the attacks may be 
of different duration and that m Batavia they not only have the Five day 
fever of Van der Scheer but similar types lasting anvwhere from 2 to 
to days The virus is transmitted by the same mosquitoes and is filtra 
ble Moreover, Smjdets and Birger fed mosquitoes Aedes aejy^fi and 
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/I albopufus on endemic cases of dengue in Medan Sumatra and then 
sent them to the Colonial Institute m Amsterdam where they were 
re fed on \oIunteers where fever bad never been previously reported 
Ail of the volunteers subsequently developed dengue but if iias shown 
that the same virtis in the same batcK of mosquitoes produced diiterenl 
types of fe^er m different individuals la one case it showed a tvpical 
saddleback temperature in another a continuous fever lasting 7 days 
From this it appeared that the Fivt day fever of Van der Scheer and the 
Seven daj fever of Rogers are not distinct diseases 

There has also been desenbed a condition called the red fever of the 
Congo which was formerly thought to be a form of yellow lev er Findlay 
has mote recently emphasized that tt iDUcb more resembles dengue than 
yellow fever 

It should he botne in imnd that there is a form of leptosjurosis which 
has been encountered m Japan which is causM by Lepfosptrsz Peidomadis 
Its difletenUalion {tom dengue was made possible by the discovery of 
Ltp(i}sp<.rft in iqtS by Ido lio and Waru 

Rift Veffey Fever (Enzootic hepatitis) «s an epizootic disease of sheep 
caused by a iiltrabie virus desenbed by Daubney Hud on and Garnhsmiti 
t(Jdi During the study of a severe epidemic in Kenya Bniish East 
Africa It was noted that the native shepherds and htsT Europeans in 
contact with the affected animals developed a short illness resembling 
dengue Tbeve investigators also produced the disease in a loiunteer b> 
Jnocuiation with the blood of an mfected sheep Since that tune a number 
of laboratory workers in this country and abroad Jiave ceritracted the 
disease while studying the virus 

Tbe iawt m be traciiaudni >0 cattle (« stuail epitnotie ef natural lafrcticn 
U Mcordfd) goat* certain species of nookeys ra( mice and tuber small rodent* 
Cuijiee p)(s and rabbit* however appear to be reiiscaat The tnfeoion cai> pro 
dueedbyappbcationotiheviruMeocarbedsVin theconsunclivae oinavtS mucosa as 
well as by subcutaneous or uitraper toriesliaiecCKsii. Tfceteusotnee idence to suggest 
chat isosqti toes of the genus tlopfon a act «s vectors but fbi* has not been definite!}’ 
proved The charsctenstic pslhologicallrson m lambs arid aiso n inoculalel mice 
IS » tnaiktc! Jotal necrosis of ibe farer Slaitied seciions sb « acidophilic jpUanncleaT 
inctusions in the hepatic cells 

Wackenaie and Fiadlay {193O) nl tamed a (uced neurotropc sir* n of ftifi Vailey 
fever virus by the injection of nnraane serum into an anioiai prior to an intracerebral 

inocvlit on of iru* Some of ihe ner « ceBs d»«ed intraouclear inclusions simiUr to 

th se produced by the aeur tropic type of yeVo* fever vicu* They suRsest that this 
restrain ng aetion of specific •ntibi^ies way produce neuroirop c variants of other 
iruses and th t the occurrence of nervovs sequetse in virus mfecuons in man may be 
esplainedma similar nay Tie rxr occurs la the Uo 1 liver spltenand therorj-sns 
early m th* dvvesve in both wuroals and MR It v. 11 pass through BerlrfeW candtes 
% \ and t\ and Broom «nd Findlay liav esttmaltd its swe at from tj to JSfu by 
iliration through col! dion meoibisiies Maekenne has tuliivated the virus la a 
tntd um ol chicle efflbrjo and Tyrodecsolation It can be preserved in blood coots in 
mg o s'" pheciol for moBths in the we chest 

Im un ly — Tbesenirnof con alescenfaiunw>»*nd roan contains irus neutrahiing 
ant bod es for several moniis after recovery bat the imrovnity m not permanen! 
Bi»a and Findlay hs e deioor strated compleioent Cx g antibodies wh ch are sppsr 
eot!ifspeci6c(<jtR,ift\aUey {«<« and tvhuh they (ovind to persist lot at least 6 snowtb* 


/ 
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Francis and Magill {1935) haveshava that the mocuUtiofi of rnsusceptibfe animifs 
such as the rabbit also results m the development of virus neutraliriDg antibodies 

'darsehall (1942) has compared the histological changes of the liver in mice and 
hamsters infected with Rj/t Valley Tcver nrus with those seen m lelfow Fever Ife 
finds that there are strilcing similantirs tn that the Councilman bodies resulting from 
scattered necrosis may dominate the pKtiue in both infections and the mtra nuclear 
inclusions are also sicnikt However he points out that there is little danger in the 
diagnosis of 'iellow Feser being complicated dunsg the eaamination of human speci 
mens of liver obtained by \ iscerolomc He points out that Rift Valley Toer produces 
only a nwld infection in man 

The duguesir of Hifi Valley fever depends upon the demonstration of the virus in 
the blood by mouse inoculation la early cases or of virus neutralizing antibodies later 
inthedisease The chmea! picture resembles that of influenza dengue oryellow feser 
The virus of influenza however is not present in the blood and the viruses of dengue 
and yellow fever are not pathogenic for mice on intraperitoneal inoculation There is 
no cross immunity with the viruses of dengue or ycUow feiet 

Bwamba Fever — Smithburn Mahaffyand Paul (1941} have encountered in Uganda 
a fever which they believe is a clinical entity They report that the disease is charac 
tensed by rather sudden onset fever headache andbachache The symptoms persist 
for about s to 7 days and subside without sequelae They have not observed fatal 
cases Nine strains of a filtrable vtras “u ere isolated from the blood of 9 patients suffer 
ing with the disease The original sera of the patients failed to neutralize the virus 
whereas coovalesccnt sera contained ncutraluing antibody against it The virus was 
pathogenic for and caused death of mice by intracerebral or intranaial inoculation It 
caused non fatal febrile tUness when given intracerebrally to rhesus monkeys Guinea 
pigs and rabbits were not susceptible Tlie lesions caused by the virus in mice were 
esientially limited to the nervous system and were characterized by damage to the 
cortical cells and by the appearance of intranuclear acidophilic bodies resembling 
mcluBion bodies 

PWebofofflus Of Pappataci Fever, Sandfly Fever, ThreenJay Fever — 
Phlebotomus fe\er s\as first described m Dalmatia Later it was proved 
to be very widely distributed It ivas shortly afterwards obsersed in 
the Balkans Italy Portugal arid all the countries bordering on the 
lifediterranean It also occurs in British Indu China East Africa and 
South America Recently an oulbteai. occurred in northern Argentina 
Its range appears related to the distribution of the sand fly Pfilebotmitf 

Manson Baht points out that where PAleho/apiui is absent as in Bermuda (he fet er 
IS not found Delangen and Lichtenstein (1936) state that it is not present in noithetn 
India During the Greatly ant was prevslrnl in Cslhpoli Salomca the Agean Islands 
Egypt Palestine Syria Iraq and India In leid a it has been encountered up to a 
height of 4000 ft In the Western hemisphere it has recently been reported m northern 
Argentina 

S/toiogy — This disease which as often called Ihrec-day fever on account 
of Its running its course in this period iscausedby a fiftrable virus (Doerr 
190S) This virus only seems to be in the blood of the patient s peripheral 
circulation during the first 24 hours of the lUness BJood abstracted 
after the end of the second day and injected into a well person fads to 
reproduce the disease If the blocid is filtered through a Pasteur candle F 
the filtrate wdl set up an attack just as weH as the unfiitered blood in 
this respect being like dengue and yellow fever 

Shortt, Rao and Swaminath {1936) reported the cultivation of the 
virus of sandfly fever upon the choriorallantoic membrane of embryo 
chicks and Shortt Pandit and Rao have confirmed thre 

cultivation They consider that the proof of cultivation of the sandfly 
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fever virus in the chorio aUantoic membrane depended not onl> upon the 
production of focal lesions m the egg but becau e the serum of patients 
con\ alescent from sandfl> fe\ er was able to neutralize the lesion producing 
agent in the matenal Of 6 con\alcsc«it sera tested aU but one inhibited 
growth of the -virus on the membrane The controls with normal human 
serum all showed growth of the virus while the convalescent sera b> 
themselves gave no growth B> infiltration eepenraents through gradu 
ated membranes the size of the virus ^ , 

was determined to be about itoftn ml /’ i 

diameter I j ^ ' 

Anderson (1941) has attempted to (If 

diagnose Sandflj fever b> making cul ijll / 

turts of the virus in the chick embr>os 
b> the technique described above b> IjhJ/ 

Shortt Samples of the blood of 132 
patients suspected of having Sandflv fever 
were examined Positive cultures or 
results were obtained in 78 doubtful m 
14 and negative in 40 Obviousl> little . 

importance can be attached to negative ' « Vfw i 

results I 

rra»jm«fi(?« — The transmitting ^ 7 

agent » a sandfly 01 moth midge V 

P/ileboiomuf papalasti This midge as is ' / \ 

true of the ps>chodid family to which it / \ \ 

belongs is very hairy It has long slen I \ ’ 

der legs and narrow wings The pro , \ \ 

bo CIS IS as long as the head and the / \ \ 1 

lancets project beyond the labium / \ j 

The female alone bites which act takes place | J \ j 

chi fiy at n ght cool moist shady places away 1 7 I 

from sleeping rooms being preferred by the I / ! 

iDsectsmthedayt me Themseclisapetsiste t » / J 

VICIOUS feeder difficult to escape from as owing Fio >06 — PJif b l m p p I f 
toitsslendersize mosquitonetsusnallyemployed I'fi D rr t 1) 

otter no protection It takes from 6 to 8 day after feeding on a patient m the fir t 
day of the fever before the midge 1$ capable of transnuttirg the disea e Doetr thinks 
that the papataci virus may be transmitted he edtanly by the nsect to the egg 
'Vhittmgham and Rook confirm Ibe transmission from generation to generation 
At present of the genera of the 3 fam lies of mid es only PUebolomus is know 
to tra smit d sease P p transmits phlebotomus f v r in the Balkan P 

minafi/i has been reported as the host at Aden Another species P ^ermciorujis als 
sa d to transm t the d sease However there has b e much confus on in the 
diSerentiati n of the species and s m entomologists believe that P papalastt is the 
speci 5 commonly concerned in transmis^n 

These moth midges are a mm inlength ndha thebodydens lycove edwithlong 
yellowhairs The secondlongitud nalv mhasthreedi linct branches Theantennae 
have »6 restricted jonts and the proVosos is as long as the head The sp cies of 
PkUbolomus are separated by slight van to s nwi g venation palpallengths etc 
this the second segment of palpi of P papalastt 1 a Lttle longer than the third one 
while with P per tetosu these segments are of equ 1 lengths In P ninul s the 
second segment is only half the lei^th of the th td The insect lays about 40 eggs m 
d Dip dark places The period of metamorphosis from egg to insect is about one or two 
months according to temperature 
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Francjs and ^lag^U («ms) have s&o^ that the inoculation of msusccptth 1 « animals 
such as the rabbit also results 10 the doelopment of virus neulralizing antibodies 

Marscball (1945) has compared «he histedogical changes of the Uver in mice and 
hamsters infected 1 ith Rift VaJtey Pescr sinia mth those seen in \ellow Fever He 
finds that there ate striking stnulaitUes in that the Councilman bodies resulting from 
scattered necrosis may dominate the pictare w both infections and the int« nuclear 
mclu tons are also similar Ifotvexee be points out that there is little danger in the 
diagnosis of h ellow Feser bein* comidtcated during the ciamination of human speci 
mens of liver obtained by vi cerotome He points out that Rift Valley Fever produces 
only a mild infection in man 

The diaintfjis of Rift \ alley fever depends upon the demonstration of the virus in 
the blood by movise inoculation tn eariy cases ot of virus neuiralitmg antibodies later 
mthedisease The clinical picture resembles that of inSuenea dengue orjellcnv fever 
The vtrus of lofiuenia however is not present in the blood and the viruses ot dengue 
and yellow fever are not pathogenic for truce on tntrapentonea! inoculation There is 
no cross immiimty with the viruses of dengue or yellow fever 

BerambaTever— Savlhbutn Maha&yandPaal(<9si)baveewcauntetedKv'OgaRds 
a fever which they believe is a clinical entity They report tbit the disease is charac 
tenaed by rather sudden onset fever icadache and backache The symptoms persist 
for about 5 to 7 days and subside nathout sequelae They have not observed fatal 
cases Nine strains of a filtrabie virus were isolated from the blood of 9 patients suffer 
iflg with the disease The original sera of the patients failed to Rcutraliee the virus 
whereas con aleseent sera eontsmed neutralising anUbody sgamst it TTie virus t»»8 
psthegenic for and caused death of mice by intracerebral or intranssal inoculation R 
caused non fatal febrile illness when gi en iniracerebrally to rhesus monkeys Guinea 
pigi and rabbits lete not susceptible The lesions caused by the virus m mice were 
essentially limited to the nervous system and vert characterized by damage to the 
cortical cells and by the appearsnee of intranuclear acidophilic bodies resembling 
iRcIustos bodies 

Phlebdtomus or Pappataci Fever, Sandfly Fever, Three day Fever — 
Phlebotomuj fet er was first described m DaJinatja Later it was proved 
to be very v.ide\> disttibyted U %vas shottly afterwards observed iti 
the Balkans Italy Portugal and aU the countries bordering on the 
Mediterranean It also occurs sn British India China East Africa and 
South America Recently an outbreak occurred irt northern Argentina 
Its range appears related to the distribution of the sand fly Pilebolifiiitts 

Mansoo Bshr points out that where PUebolmtitt is absent as in Bermuda the fever 
IS not found Delangen and L chtenstein (>9j6) state that it 1$ not present in northern 
India DucingtheCreatttarHwasprevalentiQCalbpoIi Salonica the Vgeanlslinds 
Egypt Palestine S>ria Iraq and India In India it has been encountered up to a 
height of 4000 ft In the e^ern hemtsphere it bas recently been reported in northern 
iVrgentina 

Eltolcgy — ^This disease which isoflen called three-day fever on account 
of Its running its course in this period is caused by a filtrable virus (Doerr 
1908) This virus only seems to be in the blood of the patient s peripheral 
CitcvlMson dtttms 24 hours the lUrvess Blood abstracted 

after the end of the second day and injected into a well person fads to 
reproduce the disease If the Wood » filtered through a Pasteur candle F 
the filtrate will set up an attack just as well as the unfiltered blood in 
this respect being like dengue and jcllow fever 

Shortt, Rao and Swaminath (*936) reported the cultivation of the 
virus of sandfly fever open the chono allantoic membrane of embryo 
chicks and Shortt Pandit and Rao (*938-39) have confirmed this 
cultivation They consider that the proof of culuvation of the sandfly 
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dengue is that neither is said to confer any immunity for the other disease 
The distinctions of enlarged glands and break bone pains are often 
advanced as characteristic of dengue and not of sandfly fever Stitt 
ne\ er observed other than slight glandular enlargement m dengue cases 
Howe\er in endemic dengue m the Ea&t Indies deLangen states general 
swellmg of the Ijmpli nodes may be striking 

Treatment is purely symptomatic Aspirin has proved valuable for 
the relief of the headache Morphia is rarely necessary to control the 
pam The patient should be advised to rest for several da>s following 
the subsidence of the fever Otherwise the asthenia is liable to continue 
for a longer period The prognosis is entirely favorable No serious 
complications are known to occur No deaths have been known to have 
been caused by the infection 

Prophylaxis depends particularly upon the prevention of the bites of 
sandflies Unfortunately a mosquito net having a mesh sufficiently 
small to keep out sandflies is almost intolerable for u e by a white man 
in a hot climate Nevertheless as the Pllebolamus does not usually 
fly higher than 10 ft the removal of inmates to the upper story is usually 
a very effectual preventive measure Repellants such as camphor and 
oil of citronella are of value in keeping away the midges Electric fans 
or currents of air are also frequently very effective m ridding quarters of 
Phhhotomus Attempts should be made to eradicate the breeding places 
of the fly which have already been discussed 

Sellar Fever — Jack (1937) has described an infection in the Delhi 
Meerut area m India which he regards as a disease sut generu to which 
he gives the name of sellar fever He points out that the clinical picture 
Suggests a re emblance to the sandfly dengue group but there are many 
definite differences However 0 Meara (1938) who has also studied this 
fever m the same area* points out that the word sellar is saddle 
and that saddle back fever is simply another name for dengue 
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PktebMomus latvae die out in dry soiland v«y earth js unfavorable 'loderate 
roontuie and protection from light aeem ticcessaiv for their developraent 1 he remains 
ofdeaditisectsa! oseemtotnahegoodbreedingpUces Ituincracltsololddampbrid 
or stone waits that the female most often deposits her eggs Caves are also selected 
As the favored breeding places are crachs lanaOs ot the ground surtounduig huMmjs 
these should be filled in and made inaccessible to the midge If breeding is thus pte 
vented soo to 300 feet from the house it keeps the female PhUbotomus from getting a 
blood feeding on account of the distance 

Blood seems necessary for the fcrtdizatioa of the eggs but lirard blood seems more 
common m the stomach ot P miHirfiu than human blood They have al o been 
observed to feed on other repti lan bloods The female insect has been kept alive in 
captivity up to forty u days 

Cases q{ phlebotomus fe\er first appear in the late spring and the 
disease becomes epidemic dunnj, the summer An attack produces a 
marked imnmaity The disease has chieflj been studied in the Balkan 
States hut undoubtedlj it ts widespread It is almost never fatal so 
that we know nothing 0! Jls patholog) 

Simpiamatoloii — The symptoms of pWebotomus fever answer very 
well for ca es one sees m an epidemic of dengue fever m which instead 
of the saddle back course of fever we have a three day primary rise and 
then a fall to normal without any secondary fever rise Cases of phle 
botomus fever ate occasionally reported where the fever continues seven 
or eight days 

The symptoms as usually given are as follows \fter a penod of 
incubaltoti of from 3 to 7 days there ts an abrupt onset with congested 
face and injected conjunctivae Mansoii Babr says the conjunctivae ate 
sometimes so injected that they have been likened to those of the mastiff 
There is pain in the head eyes and back There is marked malaise with 
great depression of spirits There is anoretia, with coated tongue and 
rarely vomiting and diarrhoea There nay be some congestion of the 
pharynx and even a slight bronchitis It may resemble influenza so 
closely cUmcally that a svnonym is summer influenza ' The liver 
and spleen are normal DeLangcn emphasizes that the nervous system 
may ^ most intensely attacked and may form the center of the clinical 
mamfestations The patients may feel very lU and be weak and apathetic 
and suffer from intense mental depression Epistaxis is rather common 
There is a leukopenia and polymorphonuclear percentage decrease The 
two points which are chiefly advanced in its cbnical differentiation from 
dengue are (r) slow pulse a bradycardia and (a) usually only 3 days of 
fever and absence of eruption However bites of the sandfly mav cause 
a considerable amount of imtatjon resulting in hvperaemia and even in 
oedema Some writers have even reported not only a hyperaem a but an 
exanthema However m such cases it was noted that it appeared at no 
fixed penod as with dengue fever 

The dengue bke fevers of India arc practically identical clinically 
with phlebotomus fever The usual idea is that dengue epidemics are 
far more explosive in character than is true of epidemics transmitted hy 
the sandfly The strongest point m differentiation of sandfly fever and 
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diseases due to RICKETTSIA 

{Thr Typhus Group of Fevers) 

Introduction — Through eiudemiological pathological and immunolog 
ical studies we have been enabled to differentiate three important groups 
of human disease caused b> nclettsiae (i) the typhus group (2) the 
Rocky Mountain spotted fever group and (3) the Japane^se river fever 
group The Rickettsia of Q Fever is also distinctive The typhus fever 
group includes the epidemic or louse borne fever and the endemic flea 
borne typhus or murme tj-pbus so termed on account of the natural 
reservoir in rats The Japanese river fever group also known in Japan 
as kedani disease or tsutsugamushi disease embraces several more or 
less closelj related mite borne infections which have been encountered 
m Southern Asia Japan Formosa and Oceanica The Rocky Mountain 
spotted fever group includes the forms of the disease trinsmitted b\ 
Ucks—as Rock> Mountain spotted fever of Morth America (eastern 
and western types) Sao Paulo etanlhemaiic typhus of Brazil probablv 
fievre boutonneuse of the Mediterranean countries and Northern Africa 
and South African lick bite feve r. F ievre boutonneuse of the Mcditer 
ranean coast is apparentl> caused by a'strain of Rock> Mountain spotted 
fever virus modified b> residence in the do^nd in the dog tick At 
least there may be complete cross immunity behteen the organisms of 
these two diseases although they are clinically different Certain 
immunological reactions however indicate that there are minor biological 
differences between the two viruses and Rocky Mounian Spotted Fever 
vaccine does not protect against fievre boutonneuse j 

Rickettsiae Pathogenic for Man — ^The term RickellSia proua eki was 
first applied in 1916 by Rocha Lima to the cellular-dnclusions observed 
in tbe intestines of lice which had fed on patients with t>phus fever 
He proposed this name in honor of the scientists Ricketts and Prowazek 
both of whom succumbed while studying the disease 

Von Prowazek formerly thought that the Rickettsiae were probably 
closelj related to the protozoa Morphologically they resemble small 
pleomorphic bacteria How closely they are related to bactena is still 
not entirely clear but there has been much evidence which has made it 
appear advisable to separate them from the true bactena on the one band 
and from the filterable viruses on the other They differ from most 
bacteria in being able to grow only wiUnn bving cells and in this respect 
tbe> are more closelj related to the filterable viruses However the> 
differ from many of the filterable yimses m that most of them are slightly 
too large to pass through fine bacteriological filters The vnrus of Q 
Fever is the only pathogenic one known to be definitelj filtrable 
9*3 
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(The Typhus Group oj Pe ers) 

Introduction — ^Through epdecou^ogicai pathological and immunolog 
ical studies «c have been enabled to differentiate three important groups 
al human disease caused by ricLettsiae (i) the typhus group (2) the 
£ockj Mountain spotted lever group and (j) the Japanese river fever 
gi&up The Rickettsia of Q Fever IS also distinctive The t>'phns fever 
group includes the epidemic or louse borne fever and the endemic ffea 
home tjT>hus or murine typhus so termed on account of the natural 
reservoir m rats The Japanese mer fever group also knonn in Japan 
as kedani disease or tsutsugamushj disease embraces several more or 
less closely related mite borne infections which have been encountered 
in Southern Asia Japan Formosa and Occanica The Rocky Jlountam 
sjioUed group includes the forms of the disease transmitted bv 
ticks— as Rocky Mouniam spotted fever of North Amenca (eastern 
and »esttro types) Sao Paulo exanthematic typhus of Biazil probably 
fievre boutenneuse of the Nfediterranean countries and Northern Africa 
and South African tick bite fever Fievre boutonneuse of the ^lediter 
ranean coast u apparently caused by" i strain of Rocky Mountain spotted 
fever virus raodiMd bv residence in the do^nd in the dog tick At 
least there may be complete cross-immunity belneen the organisms of 
these two diseases although they are dinicaUy different Certain 
untnunological reactions however indicate that there are mmor biological 
differences between the two viruses and Rocky Mounta'jn Spotted Fever 
vaccine docs not, protect against fievre boutonneuse ] 

Rickettsiae Pathogenic for Man — The term RicktJ^ia prov.o eii was 
first applied m 1916 by Rocha Lima to the ceilular-dnclusions observed 
in the intestines of lice which had fed on patients with typhus fever 
He proposed this name in honor of lhes«enl?sts Ricketts and Prouarek 
both of whom succumbed while studying the disease 

Von Prowazek foimeiiy thought that the Rickettsiae were probably 
closely related to the protozoa Jilorj^cdogtcaliy they resemble small 
pleomorphic bacteria How closely they are related to bactena is still 
>iot entirely cleat but there has beta much evtdeuce which has made it 
appear advisable to separate them from the true bactena on the one hand 
and from the filterable viruses on the other They differ from most 
bacteria la being able to grow only within living cells and in this respect 
•hej are more closely related to the filterable viruses However they 
differ from many of the ttterable viruses m that most of them are slightly 
large to pass through fine bacteriological filters The virus of Q 
Fever is the only pathogenic one known to be definitely filtrablc 
9*3 
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The Rickettsiae are encountered in the tissues of arthropods as well 
as m man and other mammals and live and multiply only within the 
cytoplasm of living cells Some writers however, include some of the 
similar but extra cellular orgaiusms found m arthropoda as Rickettsiae 
None of them ha\ e been cultivated upon the usual bacteriological media 

Morphologicallj the organisms are diplococcoid and show great \ ana 
tion in sue and shape, from almost invisible particles to bodies approach 
ing tp. m length Stained with Giemsa they take a purplish tint and 
with Castanedas stain thev ate light Hue m color The JIachiavello 
stain is most satisfactory These tints are unlike thos<* of ordinar> 
bacteria stained b^’ these methods “Hiey are Gram negatne Mhile 
not cultu able on ordinary media they grow m the cells of tissue cultures 
1 lotz Smadel Anderson and Chambers (1943) have reported upon the 
morphological structure of nckettsiae with the aid of a type B R CA 
electron microscope 

Plasma clot tissue cultures were first obtained by Wolbach and 
Schlesinger of the Rickettsia of Rocky mountain spotted fever Subse 
quently the chorio allantoic membrane of living chick embryo and the 
Maitland medium with minced chick embryo m a mixture of guinea pig 
or rabbit scrum and Tytode solution prov^ more satisfactory media for 
cultivation 

It has been suggested but not proved, that the genus Rxckettsia 
was originally adapted to plants, later becoming parasites of mites feeding 
on plant jmce and subsequently infecting rodents on which the mites 
fed From such infected rodents lice ticks and fleas became of impor 
tance in rickettsial epidemiology 

5^e«cr— The important species which have been demonstrated as 
pathogenic for man are as follows (t) R froua eiti the cause 0! typhus 
fev er Two different varieties of tins organism have been recognized— 
R proita ekt the cause of epidemic European louse borne typhus and 
R mccsert the cause of endemic flea borne murine typhus, (r) R 
rickcttsi {.Uermacentroxus rtckellst Wolbach), the « tiOlogic agent of 
Rocky hlountam spotted fever and also the name given to the infective 
organism of several other diseases which may be regarded as strain 
variants (3) R orie«/alM (Nagaya) R tsulsugamnsln (Ogata 1931) 
and R inpontca (Scllards 1923) the names which have been given 
to the etiological agent of the group of mite borne diseases which occur 
in the Far East These diseases have many features m common with 
those of typhus and Rocky Mountaui spotted fev er but are characterized 
bv the presence of an miUal local lesion and the organisms appear to 


be distinct immunologicauy 

Q Fever — Derrick (1937) and Burnet and Freeman (1937) have al 0 
reported a rickeltsia like organism growing inside but also outside of 
cells as the cause of Q fever in Australia Derrick (X938) has named the 
speaes R htrntUt The bandicoot fsodon macrttrtts is believed to 
be the natural reservoir of the infection which is probably transmitted 
by X tick Ilaemaphysalis humerosa (See also page 973 ) 

^ A similar orpnism has recently been found m wood licks Dtrmactntor 

anicTSom in Montana (Parker and Davis 1938) Dyer (1938) has 
reported a case of ptobabV laboratory infection with it The disease has 
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beeoaanied ‘Nine mile fever Piokerton (1940) reports that there is no 
cioss-immurnty m guinea pigs between the organism of this disease and 
that of typhus or of spotted fever 

More recently Cox (1940) has pointed out the close relationship of 
this maladj to that of Q fever of Australia Tests which he has earned 
out with guinea pigs have shown that Amencan Q fever shows no cross 
immunity with RoeW Mt potted fever Brazilian spotted fever bouton 
neuve fever or epidemic and endemic typhu Tests carried out bv Dver 
on this infectious agent which is filter pa smg and isolated from ticks and 
later b} Cox have definitely shown that there is complete eros immunity 
with It and the organism Q fever of Australia 

Cox ha suggested the name oi RukeUita diaponca for the otgamsm 
He has cultivated the organism m tissue culture of the developing chick 
embryo The best results i ere obtained with flasks contaming chick 
yolk sap ti sue suspensions in filtered human ascitic fiuid From such a 
source by a fractional ccntiifuRaiion practically pure suspensions of 
R diapanca suitable for agglutination tests have been secured beta 
from monkeys and rabbits recovered from American Q fever agglutinate 
suspensions ol R d apart a but fail to shon agglutinins for Bruce'h 
cJof/KT Bact btlarenst and the OXK OX» OXv» and XL strains of 
Pre iKS 

In infected guinea pigs nckettsiae were found in great numbers in the 
inflammatory exudate of the sVin and in the cellular exudate frequently 
found covering the spleen They were also present 1 1 large numbers 
in the spleen substaci'-e and in the tunica and polar fat of the testes 
They were often extracellular but in many cases abundant inttacyto 
plasmic forms were lound The cell nuclei were not commonly invaded 
but in a number of cells in which nuclei appeared to be vacuolated nek 
ettsial form were seen witl m the vacuoles 

Rickettsia like Organisms - Many nvkettsia like organisms found 
extracellularly in the intestine of arthropods and presumably non palho 
genic have been reported \toIbach fipto) has listed 39 nonpithogenic 
rickettxial organisms in 14 species of arachnids (ticks mite and spiders) 
ami in JJ soecies of hexapods. { insects ^ including numerous nor blood 
sulking insects as well as hie ticks and midges Among these he lists 
R pedi ill R qttittljtia R deii/ntca of the body louse and R melopliagt 
of the shcip s ked These are not tniraceltular and he docs not include 
them in his classification of the familv Rickcttsiazeae 

Other Diseases — There is some evidence for believing thatR pedictiU 
may be the cause of trench fevtr Opnions however differ in this 
connection and Zin ser (1940) states that the evndence is far from being 
convnncmg See Chap \X\ HI (Trench Fever) 

Rickettsia like organisms have aho been fourul by Siler and S^Uards 
(1938) in about half of the mosquitoes ledcj atg\pii fed upon patients 
with dengue fever Thev however did not suggest a dehmte eliologic 
relationship of this organism to dengue fever and such a relationship has 
not yet been established 
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Trachoma — Other oti,arHsms which should not be classified as 
Rickettsia recently have been repotted as pathogenic for man Cucnod 
and Natoi (293?) believe that their experimental evidence shows that 
trachoma is caused bv Rickettsia They collected trachoma material 
{tom a patient and injected it into the testicle oi a guinea pig a culture 
of Riclettsia being obtained in tlus manner Lice were then injected 
with this culture After the cuhute material was passed through a 
senes of hce it was moculaipd into the conjunctiva of an ape, which 
developed clinical trachoma One experiment consisted of injecting 
the conjunctiva of a blind human eve with this Rickettsia culture in 
hce rhis was folloned bj clinical trachoma, confirmed bj Ubora 
tory and microbiologic tests Roleff (1937) has confirmed this work 
in Madagascar and Thygeson has studied the virus of inclusion con 
junctmtis in the United Stales Folcj and Parrot gave the name 
R Irachomilt^ to the organism apparently described as Chlam\do oon 
tracAomifis (Halberstaedter and Ptowazek 1907) while Donatien ani 
Lestogard regard it as identical with R <onju>ic(t ihs Coles of ruminants 
(sheep and cattlel Burnett (1937) classifies this Rtcie/tsia of trachoma 
m a separate group and states that no bodies are present m trachoma 
other than the well tecognaed Ilalberstaedter von Ptowazek bodies 
Donatien and Lestogard 1.1938) believe these bodies are the initial ones 
in the cycle oi the organism However Bcngsion (1938) tjuesUons 
whether the various stages of the inclusion bodies in trachoma are nek 
ettsial m nature 

Psittacosis — Although a number of reports appear to hav e established 
the filterabiUty of the infective agent of Psittacosis Lilhe (1930) Blanc 
and Canti (19351 give evidence for regarding psittacosis as a rickettsial 
disease Laidlaw (1939) using graded coUoK^n membranes gives the 
si^e of the infective virus particles as o J5p and J ararus Eddie and Me> et 
(1937) o 2-0 3ji The virus of psittacosis will pass Chambetlands L La 
and ^it? E h. filters Nevertheless the diirensions of the particles 
of the virus given suggest that it is visible Leventhal (1930) Coles 
(1930) and Lillie (1930) all found such bodie« in the infected spleens and 
livers of parrots with psittacosis From the names of their discoverers, 
they have become known in literature a J CX bodies 

In ecUons stained with Giemsa s solution they appear as tmy blue 
spherical or ov 0 d cocci or baallary forms lying either in the cytoplasm of 
certain mononuclear cells or free m the tissue spaces Rivers (1031) 
found small cocci or short baallary structures o 2-0 asM m diameter or 
length Lille hav propo ed the name R psiltaci for them However 
Bedson and Blood (1934) did not find bicillarj bodies but round bodies 
which might measure ip in the monoqrtic cells and which they regarded 
as made up of elementary bodies It has been suggested that they are 
plasmoidal inclusions analogous to Uie Guariuen bodies in vaccinia and 
not ^^-^ettslal Enders (1940) takes this view especially because an 
arthropod ( insect ') vector has not been demonatrated 

Lymphogranuloma Inguinale —Miyagawa (1935) first reported Rick 
ellsi^ in 20 human cases of Cfamatic bubo (Limpkoiranulorra triguirtaU) 
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the organisms being found mostly in histiocytes but also sometimes in 
leucocytes glia cells and lymphatic cells The organism rvas cultivated 
upon chono allantoic membranes of chick embryos The presence of 
these rickettsiae in this disease baxe been confirmed not only by several 
other Japanese investigators but recently by NaucL (1957) Mauro (1937) 
Findlay (1938) and others Brumpt (1038) on account of this recent 
work and after examining Miyagawas speamens has suggested a new 
genus and species for this Ktckdlsta — Mtya tmanella lymphogranulomata 
Sts nov sp 

Mosing (1936) an ass slant of 3Veigland working in t'ei 1 s laboratory has proposed 
the name ot R witib nov sp tor an rvtTaceUatar RtcltUsta nhith he says is taiget 
than RicktUs a proj.11 ekt and that he found in the intestine of lice and that produces a 
febrile infection in man consisting of a fever which relapses on the third day The 
t\eil Feli^ reaction is said to be negative 

Herrig ( 939) reports that among 40 to jo people m " eigl s laboratory upon whom 
hce were fed for the purpose of preparing anti typhus vaccine a cumber developed 
fever and a large percentage of the bee showed rickettsial mfeetiec The organisms 
were extracellular and were said to resemble R peJuiUi It was stated that RicieUsiit 
could he seen m the blood of the patient in brge numbers This is the first report m 
the literature m which Urge numbers of rickettsiae have been reported as being present 
ID the blood of human beings huch a statement must be regarded as unusual and has 
cot yet been confirmed Many authorities do not regard any of these organisms as 
Rickettsia 

Epidemic Typhus Fever 

DEflNinON AND SYNONVUS 

Synonyms — Jail fever ship fever putrid fever petechial fever 
typhus cvanthematicus Ger Fleckfieber Fr Typhus eiantheieatique 
Sp El tabardillo Ital Typho esantematico 

Definition —Typhus fever is an acute infectious disease caused by 
Rtckeltssa pro^a ekt There is a fairly abrupt onset with a continued 
fever lasting about 2 weeks followed by a critical fall or rather rapid 
lysis of temperature About the fifth day a rose spot eruption &st 
appears about the loins and abdomen later on extending over the trunk 
and extremities The rash tends to become petechial and stands out 
rather prominently on a general cutaneous mottling A stuporous state 
IS a marked feature of the disease Jt is transiiulted by the louse Pedicii 
lus hiimanus 

History anp Geographicai. Distribution 
History — Typhus fever has been one of the great epidemic diseases 
of the world Ilirsch notes that its history belongs to the dark pages 
of the world s story at times when war famine and misery of every kind 
ait pTtstnt It IS leasonable to suppose that many of the pestilences of 
ancient times and the Middle Ages were typhus fever This disease was 
prevalent among the Spanish soldiers at the time of the conquest of 
Granada and the designation of the disease then used (tabardillo) is the 
one now given typhus fever in Mexico 

The disease was first descnbed with suffiaent accuracy by Frascatoro 
in the i6th century to enable us distmctly to differentiate it from plague 
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the stuporous states oi the two diseases having previously caused them 
to be confounded In England, in the t6th century the disease was \ ery 
pre\ alent m the jails and court officials attending the trials of prisoners 
often contracted the disease and died hence the designation bla**!. 
assizes ' During the Thirty Yeats War in the 17th century, typhus 
fever spread over central Europe Typhus fe\er was very prevalent 
at the tune of the epidemic of plague known as the great plague of London 
and It 15 a matter of practical interest that the two diseases nece not 
infrequently confounded b> medical men The disease persisted in 
epidemic form throughout the duration of the Napoleonic wars and did 
not begin to subside until the conclusion of pieace in 1815 after the battle 
of Waterloo This epidemic of typhus fever was said to have been the 
severest one ever recorded on the continent The general poverty and 
distress which resulted from the war evidently aided greatly in the 
spread of the disease not only among the troops but throughout the 
civilian population 

la earhei yean (mm the iSth to I9tb eentuim aumerous epidemics occurred m 
Cnghnd but m recent )<srs tbe disease has greatly decreased During the penod 
(8S4 to 1898 there nere s cases but {tom r8oo to rgrj there nere only 190 In 
Ireland there siere very severe epidemics in earlier yea» During the rgth century 
there «.ere six ieier epidemics and ouibreabs are stilt liable to occur in some districts 
ot Ireland n bicb are regarded as cndeosic centers 

In the United States and Canada t> phus also prevailed m certain centers during the 
iQtb cenctiryand there nere severe epidemics fattoning (he Irish immigrations in rSsd- 
47 Is Mexico tbe disease became epidemic m >$30 shortly after the Cenduest 
During the 19th century also there were numerous epidemics with a high mortality 
reported (ram tabardillo the Mexican disease In South America typhus n at prob- 
ably imported from Spam to Peru at a very early period there it became tell kuonn 
under (be Spaarsh name of eabarddlo It continues to prevathit this country and Chile 
at the present time 

Serbian and Other Epidemics — Epidemics ot typhus have very fre 
quenlly been associated with war In fact se^e^e epidemics ha\e 
occurred during practically every great ivar in Europe u tth the etceplion 
of tbe Franco Prussian war m 1870 In the World War the epidemic 
which raged in Serbia jn 1915 was one of tie most severe which has 
occurred m modern tiroes It was characterized not only by its magnitude 
but by its high virulence and high mortality During the height of the 
epidemic the number of new fever casics entering the military hospitals 
alone, reacdied as high as 3500 per day and the number of reported cases 
among the civilian population was approrfmatelj three times this number 
The mortality during the epulenaic \aned at different periods in different 
localities between 30 and 60 per cent and in complicated cases sometimes 
reached 70 per cent Over 150000 deaths occurred within 6 months 
before the epidemic could be sun>ressed Coinadent with the epidemic 
of tjphus there occurred an qndenac of relapsing fever 


Poland has tot many years been recognized as an endtmie eenler of typhus The 
dises e became epidemic a am Hi 19*6 «h«» *•“ first affected nas the 

BQ ernmenJal district of Warsaw* at the tnw occi^ied by German troops In (his 
district v,hicb had a population ot n«»rly too and a half tn liion s6 099 eases were 
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jtjititttd in abnut la montba. In Cnnfttss Pofand ind Catic a cowbined CAaes 
wported for 1916 were 34 S3* Tk* mAasurcs taken «sunst the epidemic m 1916 and 
J917 fajfed t<? check its spread but the hope «aa etpees rd that the epidemic would 
disappear 10 the sumtnet months Thesumioet of tpi? however seemed to have Ijllle 
effect m redjcingtheciiwherof cases of the <bsea»e and n lie year 1917 tht^V numbered 
43 840 In 1918 when Poland became an nutapendenl stale an extensive ant/ typhus 
CSBpajgB »»S lailiJled During the fast jear there vete some 000 cases notihed 
with nearly so 030 deaths the cnortahty howe «i b«ng only 8 6 per cent 



Pig loi — Typbu f v Cs a r port d pec loo 000 popoUtioo n E t ro Eur p 
fl. iojs tCp d m t g t Int n g n Set t of \h l^aan f “rat 00s ) 

At the close of Ih* ttord War an extent e'epdtcavc brok ul n Russia and 
Rum n a In Rumania t caused tome Sooono deaths In Russia while ihe e were 
00 accurate Mat st/f» obtainable twaacsUinat dthatvme scoocooc s« of lypbus 
fever occurred bei« en 919 and ipaa The epjdtm c h ne r uas at patently not 
of great virulence In ne ihct tin Potisb nor It ssi a epi I mics r s the percentag 
most hty as h gh a tn the ^tbian outbreak Other outbreaks ccurred at the close 
clthew UWat tspeoaily among Creek and ArDifRi n refuge s 

Da mf the ttat an caoipaigns in Abyssiata lo jpjs Castelt ni repotted that U ere 
«« at {can so ciQO cases of typhus ejKoBgth ops but not a single case 

dev loped in the Italian troops beeta e of thn tigorous clean! ness enforced it being 
esceft onalio fndan Itali nsoMieTwhoaasvenntaous Tberrsvereslso hestates m 
the Abyssinian army some 20 000 to 30000 cases of itlaps ng fe>er but only ty cas« 
were rep tied in theltihan troops 
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Typhoid fner 'ind typhus fever were otilv separated clmically as 
distmct diseases by Gerhard in 1837 Huxham, however had previoustv 
netted the marked difference between the 'putrid malignant fever 
and ' slow nervous fever '* Until very recent times it was declared that 
typhus feier was among the most contagious diseases of man and innum 
erable instances were cited of frequent contagion of those attending or 
visiting typhus patients In 1909 NicoUe, in North Africa demonstrated 
that the disease w as transmitted by lice and the experiences m the Balkan 
war and in the Serbian epidmic of 1915 show that in the absence of such 
vermin the disease does not appear to be contagious 

The late Sir William Osier remarked that the gradual disappearance 
of the disease in Great Britain and on the continent has been one of the 
great triumphs of sanitation and this also proved to be the case in con 
nection with the epidemic in Serbia It will be recalled that the Serbian 
epidemic of typhus fever was the first extensive and serious one to occur 
since the demonstration of the method of the transmission of this disease 
by hce in 1909 10 It should be emphasised that the efforts of all of the 
physicians sanitarians nurses and particularly of the people generally 
in Serbia being directed against the spread of the disease by pediculi, the 
suppres ton of the epidemic by intensive work was accomplished within 
a period of sit months 

Geographical Distribution — Europe has been the principal center 
of the great typhus epidemus of the world There have been recognised 
for many years two major endemic (oct the Union of Soviet Russia and 
Poland Tor many years before the World War and the Russian Revolu 
tioa, there were from 50 000 to 80 000 cases of typhus reported annually 
in Russia where the hygienic conditions were usually bad and there was 
overcrowding of jails with political prisoners much poverty many move 
ments of the population on a targe scale and frequent wars Although 
numerous endemic foci stilt persist m this country, through recent public 
h< alth campaigns the situation has been somewhat improved 

The epidemics that occurred m Russia Rumania and Poland after 
the World War have already been referred to under fitslory 

After sbout a decade of steady decline m the prevalence of tvphus throughout the 
vroitd the di»eate during the period )pjj'40 has shown a notable lacrtase in several 
«untnes This new wave apparently reached its peak in 1933 m Egypt and in Chile 
and in 1934 in South Africa and »n nw>M of the countries of eastern Europe In 1934 
and 1935 the disease was especially severe in the Soviet Union It al 0 was prevalent 
in Rumania Poland \ugosIavia anilottuevtio I934~3S The disease usually teaches 
Its height in Poland and Rumania wi Apnt ot May During Ih years 1935-39 the 
number of cases did not rise above 700 as a toammum and in the winter months has 
been below 100 In Rumania since 1935 tb disease has greally decreased from a 
maaraura of i6oo cases in 1936 lo below too in *939 However from Jan -Sept 


(1941) 3 400 cases were reported 

Danng i94i-‘43 the European reports from some areas ate not available or reliable 
as in Russia and Germany In < eitnaoy Jan -June (igtO “"V t S cases and for 

104J only J 731 cases were reiKirted and in Ilungary 713 caws I or Januarj-Aj r 1 
1943 ihere werep 3 ca es whlc in the Union of Soviet '^enlist Republic only 67 cases 
for this same pcrio 1 More re! aWe Retires from Vpa n show Jan -June (1941) 4 557 
ca es and Jan -Sej t <1941! 3 870 case- m Turkey tw the same period J70 cases 
Tiphus las #1 0 appeared recenth in sporadic or epid mic fo m in \sia Minor 
$rria Palestine anJall the counlriesel North Air ca Until quite recenlH Equatorial 
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Afnca »asf«efroni iou'C tome t3 pitas butm iqjaan outbreak of thedt faseoccurrfd 
ID Uganda e pec ally itv the sections of the districl hing above 5400 fee! Typhus has 
also appeared in ep demic form in Urundt Un« n of 5 >outh Africa Itasutoland and in 
the Tcanss aal Lpidem cs alao occurred in North \frica in ipyy'jS and in the latter 
year IB Morocco In North Africa Jan'-hept fi 04 i) the folio ing significant figures 
nere reported Algeria 34550 Lgjit Jiijo Morroco ag s 5 o Tuns 15 *50 \n 
increase has occurred m 1043 n Fgypt 40000 cases be ng reported An outbreak 
of some 4&0 cases occurred in Italy in i 044 
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Pk eel — Trphus f«v« Tr od of typhus morb d»ty n buroD t9»0"rp38 (Bp 
d HI olep al latell gene* S«rv c# of the L gue I Nat ns > 

To Asia the sflected areas b ve beenin tbenotthtm ball of the contiotht and the 
disease extends louthaard to the nountainoas parts of Iran Afghanistan British India 
eouthetn Indo China and southneslem China Dating ip4i-ip4x typhus in Central 
and Sontli Atnenci has been especially noted in Bolivia Chile Columbta and Ouate 
mala and <0 a less extent in h(«Ki<o (ipti) In Guatemala Jan (194 W^ne (t94«) 
some 3 000 cases and 47? deaths i ere reported Kola (194*) has shown from serum 
reactions that this outbreak is apparently of the epidemic type of typhus Patino 
Camargo has also shonn tbat the outbreak in Bblim nas due to if ^rouoeefi and 
Gtool (1941) that the epidemic in Columbia also nas due to the classical louse borne 
strain of wrus 

There has been 00 <p dcmic of the classical Eur pean louseborne typhus w the 
United Stales IB recent years The Pb 1 delphta epidemic iSgh-; «as of special note 
since It was la conn clion nith u that Gelbard first ditteretilialed the disease from s 
cljBicai JtaodpMnt from typhoid fe rr 

In the course of the 191b century ar eral epidemica of moderate siae occurred in 
a number of the Atnetican seaports andalong the Atlantic Coast to the no ih of Mexico 
»hich apparently originated among aSecied I ish imimgrants The last report of 
ep demic typhus m Th ladelpbia was in iSSg Mippen ( 93S) howe cr has reported 
that endemic typhus has been present there some etses having been recorded s nee 
iptt The largest outbreaks in NrwN jkofVhissiat it wtieia i^^sand i?9j S»ct 
tb sdite only a few cas s of typhus ba a been delected among imtn grants which were 
held in rsatioe However (fee ioose iiorae infection of glexico tahardiilo has 
occisi nally b en brought no Chward into the Unit d States result ng in outbreaks of 
^e disease 10 Iona (917) reported by Boyd m Ca) forma reported by Cuwining and 
Sefton and in New Heaice i9»j reported by Armstrong Sporadic cases of mild 
^hus (known as Bull sdise sejatsUappe r from t me to time tspenaUyiaNewNork 
City and endemic tnunne typhus ocean e^iecialiy in the southern United States 
Bi gad cr Ce ral Vox f 9441 has rtf ned the control and term nation of this 
ulbreak by th Un teil ‘'lates qf km r caTjfhus Comm ssion 



i^Tfctse types ate dis ussedotjp 953) ‘?maUnttinb«re of sporadic mi!d cases of typhus 
have also been reported by ffone fcom Adelaide Australia 

EtlOtOCY 

For many \ears the true etiology of typhus fever svas unknown A 
number of different bacteria both baciUi and cocci were in earlier years 
described by a number of investigators as the cause but none of these 
cbiJDs nere substantiated The infectious nature of the disease was 



well recognized but the gross pathological lesions encountered at autopsy, 
such as enlargement of the spleen with parenchymatous degeneration 
of the viscera were obviously not charactenstic The d/scaverj 0/ 
specific histological lesions by Fraenkd in 1914 did not reveal the cause 
nor did the study of micioscopical preparations from viscera and of 
cultures upon bacteriological media reveal any specific microorganism 
Later the blood was found to be infeclrve for guinea pigs and monkeys 
(Ricketts Nico’e \nder«< n and others) Some of these infections were 
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produced wrlb filtrates of matenal containing the virus notably by 
NtcoUe and for a lime some observers bebeved that the disease might be 
ciassibed with those due to the filterable viruses Hoirever Ricietls 
(igo^-to) reported the ptesenee of visible otgamsms ttv the blood of man 
and m the blood of monkeys and guinea pigs inoculated with human 
it^ected blood as well as in infected bee that had bitten cases of typhus 
fe\er and of ticks that had bitten ca«es of Rocky Mountain Spotted 
fever Rochilima intgtd also encountered and described ndtettsiac 
m lice which had fed on human ca*ies of typhua Shortly afteniards 
other nckettsiae ot rickettsia hke organisms \ etc found by a number 
of observers free in the intestines of normal bee as well as in lice which had 
bitten patients with other febnle diseases This led many observers to 
hesitate regarding the suggestion of the etiological nature of Ruitltsta 
ptoMaztinji typhus feier However further proof df this fact was given 
by Wolhach 

Wolbach and hi associates Todd PaUrej and Pinkerton in a study 
of Typhus in Poland m 1910-11 found that intracellular Rxcktllssa 
pnjja eh oesurred only in Ji« (and in a large percentage of them} alter 
they had been allowed to feed on tvphus cases fhev also found from 
hi tologicdl studies 0! ti sues of human beings who had died of typhus the 
same organism localiz'd almost exclusivelv m the vascular endothebuto 
The reaction to the Rickctwa was shown primarily by degenerative 
changes giving nse to thrombosis in blood vessels and by a proliferative 
reaction on the part of the endothelium And neurogba which gave nse 
to the characteristic microscopic nodules of the disea e in the skin 
and central netvou system From these investigations and later 
conbrmatory work the evidence that /lK*«W«apri7Ka eiti is the etiological 
factor m typhus fever would appear to be definite 

The cultivation of RiclteUeia is di cussed on p 914 

TransnussioQ —Fpidemic typhus fever is transmitted by the louse 
Pecfictiluj fiumonKs Ricketts (1906) first demon trated the ezpenrocntal 
transmission of the rickettsial disease Rocky Mountain spotted fever 
by inoculation of the Wood into guinea pigs and monkeys He also 
showed that it was possible to transmit this disease by infected wood 
ticks and the following vear showed that the virus was transmitted 
hereditarily m the lick In 1909 he reported the presence of the micro- 
organism causing the di ease in fUms of the blood of man and of the 
monkey and guinea pig and in the tissues of the tick 

NicoUe Conte and Consnl vt909) working in Tunis lirst showed by 
actual eipenraent that the chimpanwt could be infected with typhus 
Virus by the injection of a small amount of blood from a human case in 
the active stages of the diseaK Hiey then showed that lower monkeys 
could be similaily infected by the inoculation of the chimpan ee s blo^ 
and that the infection could be Iransnutted from monkev to monkov 
by means of the bites of the inlccted bodv louse (J rdiciilHs hu nanus var 
tarpons) Thu work wasshortlyafterwanlsconrirmedm the United Slates 
b) Ricketts and W ilder <19101 and by Anderson and Coldbcrger (1912) 
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Ricketts also demonstrated the traosasKsion of Mexican typhus or tabardifte by 
the louse He reported the presence of the nucto otgani w of the disease in blood films 
ol the patients and of the intestinal coatents of infected !ice and showed by cross 
immunity eipcriment that typhus and Rocky kfountain spotted fever ate two distinct 
diseases and that tie fiea and ^d bug are not concerned in the transmission of ^^f*lcan 
typhus 

From other experimental viotk pwlomed first by Goldberger and 4nderson it 
seems clear that Pedicxclnt eafiitti the head louse may also sometimes transmit the 
disease experimentaHy lloweiter »l is not tegarded as »n important agent of irans 
mission during epidemira 

It has also been demonstrated that monkeys may be infected bv the 
iroculation of crushed hce, or \v»th the faeces of infected lice The causa 
live agent RtskeUsia proua does not tntade the salivary glands of 
the louse but i discharged during the active feeding in great numbers 
in Its excreta Probably the infection occurs through the bite puncture 
becoming soiled « ith the faeces, or by scratching Arkwright and Bacot 
(1923) reported that the virus may survive in the excreta of infected hce 
at room temperature for ii days 

£ra>£snoLocY 

formerly tj-phus fever was regarded as the most contagious of all 
diseases We now knon that in the absence of the body (and bead louse) 
the disease is only slightly if at all dangerous to those who come into 
contact with the patient At the same time, experience has shown that 
it requires the greatest care 00 the part of those having charge of louse 
destruction to avoid bein^ infected while attending to this duty The 
same is true of those examining patients niih the disease prior to the 
eradication of the bodj five 0/ tfee ick 

There is no definite evidence that the sputum or other discharges of a 
patient with epidemic typhus carry the infection In the study of the 
epidemiology of typhus cases m Ceorgia and Alabama Maxcy could find 
no evidence that the louse played a part 10 the transmission of the disease 
and he suggested that there might be a rat or mouse reservoir of virus 
from which the disease was transmitted to man These cases were 
sporadic and there was no evidence of contact infection Clinically 
the cases were mild typhus afid thev gave a positive Wed Felrr reaction 
The seasonal incidence oi this smadi outbreak was in the summet months— 
jUst the opposite of the Old World tyjAus which ismost prevalent towards 
the end of winter We now rec<^«c this iorra as endemic typhus or 
flea borne or raunne typhus 

The TraasnuMiDg Agent. — la connection with the epidemiology of epidemic typbu# 
a knowledge of the life history of the body fjuse jsoecesvaiy The body louse Friuulus 
hnmonus var cotpom (Peduidis Tejlimenli) is slightly larger than the head louse 
P Aumowus vat to^us K is ibe species xoncertied in the transmisvon of Indian 
aad \otth Afncati lelapsmg fevers and trcncb fever ss well as typhus fever although 
It «*probabfe that the head louse can also (ransnut these mfecttoas 

It fade the head louse hves among the hai« of the bead and shonsits pteseaee chiefly 
by the appearance of its pear shaped egg® (n ts> pe lecimg fw» the hair shaft the body 
louse attaches itself to tie under sudac e pt the garments worn next the skin and ioldiog 
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fa ttotbeundeishwl feeds about twice dally on the hujjjiB ho I It ulut r lely found 
on the sVin The feoale body louse i» about tf indi lop and about j inch broad 
(iStrio Xrjniai) Theafltenaaearesumewhatbngerthantltaseoftheheadlouse 
Depii^aUan of food causes death of theadidt >o todays and the newly batch d louse to 

The female under favowb e temperatate cooditions (ds F ) begins to oviposit 
three or four days after reaching matunty and thereafter duimg her average Ufe of 
four or five weeks bys four o five eggs daily 

Th eggs when on clothing neat tbe boly batch out in 7 10 days at d become 
mature in about tn o weeks There is no grub stage as aitb the dess 

As the eggs are usuaUy deposited in inaccessible poilions of the cfotbing as in the 
seams aod since they remain viable there for more than a month infested clothing 
should be steam treated before being vloth 



4 n hmy~Ttt My faun is somewhat target than the head louse and lb te is 
•ess marked festooning of the sides of the abdomen $0 that the segments ate less w ell 
marked The hea 1 is separated from the thoraa by a narrow neck there being but 
shgbt diflerentiationhetween the tho ax and abdomen The head is rather oUve shaped 
and more poir edarlerrorly where is situated th m uth surrounded by a h lok bearing 
trng (the haasUUuml The five 1 intcdaritcanaeareattact ed to the side of the head 
The three stylets are nshie tbe oioulh and a« long and sharp They c n be protruded 
through the mouth orifice and »1 ea apposed make a lal e through which the secre 
tions from the salivary glands empty These needte like stylets make the wound 
«^ch cau es the blood to flow Tbe flood is aurked «•> Vy the pharynx rrhi h 1 es 
above the stylets and has muscular wall making it a pumping organ From this a 
narrow oesophagus leads into ll e 1 ng prominent stomach wbi h terminates n a rar 
^ **'*P*'* 8“! The tracheal system (re piratory) opens along tbe siles ef 

thorat and abdom n m round operunyset sji acks Tbevft ran be cloved by o Is lha 
asphyiiating the louse The temale ha* a pou hbke open ng beneath tbe b od gat 
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tvisch lead to the oviduct n.liicB connects with two cranes The egfs receive the 
ceisent matemi m the oviduct 

As the body and head lou edtfler inore >a habtt or location than in structure and wiJi 
interbreed readily they ate generally receded as varieties of the same species i e 
Pediculut kumanus varieties eo/rluand tPrpons 

The lice ^v^^ usually lca\c the human host only when he has fever 
or when he dies but they of course nuj drop off or be brushed off They 
are not apt to be found jn the bedding Those ^ho bathe and change 
the underclothing frequently do not become louse infected though there 
IS always the possibility that an occasional louse may gain access to the 
body and perhaps transrrut tsphus infection 

Perficufus Hmnanus v*r Caprtis (rtrficuAoi Gtpilts) — The eggs usually 60 in 
number arc deposited on the hairs irf Ihe head the favorite region being back of the 
ears They hatch out m about si* days TbelicelarvaeoncmergentecloselyTeseaible 
the adult and begin to feed shortly after hatching They moult about every three days 
and become aduirs within ten days 

The adults vary m color according to the color of the hair of the host The thon* 
IS as broad as the abdomen The mate louse is smaller ts rounded oS posteriorly and 
shell 8 a dor al aperture for a pointed penis while the female is recognized by its larger 
sue a mm in length and by a deep notch at tbe apes oi tbe last tbdonunal segnienl 
There seems to be a marked preference exhibited by Lee for tbeir on n peculiar racial 
host 

A great miny physiaans of different nationalities died from typhus 
during the World War and a great manv more contracted the disease 
In many instances these physicians were thoroughly cognizant of the 
common method of transference of the disease by lice and of the pre 
cautions to be taken m avoiding such infection In a number of instances 
where particular care was taken to avoid contaminatton with lice never 
theJess infection with typhus followed For this reason it has been 
particularly urged that infection must sometimes occur in man by another 
manner than through tbe agency of pediculi and jt has been suggested 
that the droplet method of infection after coughing might sometimes 
occur in this disease It is recognised that m the early stages of typhus 
there are likely to be infiamraalory conditions of the roouib nose and 
throat As yet ftoncter there has been no etpenmental proof that the 
sputum or saliva in typhus fever contains the % irus It has been reported 
that certain infections m the laboratory have occurred m workers who 
have acquired the infection from the spraying of emulsions from infected 
lice into the eye and there is also evidence that infection from louse 
excreta can enter through slight abrasions of the skin or by inhalation * 
Blanc and Balfazsrd (rpyS) have reported that infection from typhus 
can be produced by placing dried flea excreta on mucous meitibranes and 
they believe that infection through the mucous membrane may be a 
frequent method of transmissioa of munne typhus 

They made attempts to infect 6 individnab with dried excreta of infected fleas 
placing to mtifi ramson theuasai oiscosa of a men and y jniHigrams 00 tbe conjunctivae 
of other* Twoolbtr* veie gives thefloe4e»weU dissolved inwatet to drink One 
of the men inoculaled by the nasal rouM developed fe er There was no appaeeat 
Some Sa such laboralor) infections have been reported in mdiviluals that had 
been ihorougbb v accinaled V «ws demWe number of cases of infection by inhalafjon 
of rickett lae from dried louse feces m dotlung ba e been reported at dclous ng stations 
in Germany during IW3 
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reactnn m the s others However when theses were tested 65 days later by the injec 
t on of living virus ^ were found to be immune Therefore they thought that at least 
4 of the 6 men had been infected They have rqiorted that the dried etcreta of infected 
iiceor fleas may reta n its virulence for at least i months and suggest that louse borne 
tyrhus infection may also occur by the oral route or by dried louse ercreta \iolle 
(1938) has also succeeded m infectmg animals by feeding them infected material 
Si arrow (1935) and Mareschal (1939) have also shown that infection of guinea pigs 
and of man may occur through the nasal mucosa with I in mur ne virus 

There is good evidence that the virus of murine typhus is present in the urine of 
infected rats and Nicolle (1934) and Lechuiton { 938^ believe that man can be infected 
through the ingestion of foods so led with rat urine since animal may be infected with 
murine typhus through the ingestion of material containing the viru The transmis 
Sion of endemic typhus is considered on p 955 

Climate — In epidenuc typhus the disease is most frequent in the 
winter and early spring often dimmishmg or in some instances disappear 
ing entirely during the summer The heavy clothing worn m winter 
affords the opportunity for breeding of hce while crowding by the people 
in their houses in winter and in their sleeping quarters facilitates the 
transmission of lice Warm padded and fur lined clothes and flannels 
furnish especially favorable breeding facibties for lice which liv e especiall> 
in the clothing and only come to the surface of the bodj for feeding 

PATHOLOGY 

Fraenlwel in 1914 flcst called attention to the specific lesions con 
sisting of probferative changes in the endothelium of the arterioles and 
arterial capillaries followed by necrotic changes These changes are 
chieflj manifest in the vessels of the sLm central nervous 8>stem and 
myocardium In addition to the proliferation of the endothelial cells 
there is a perivascular infiltration of small round cells Kurt Nichol 
noted that there was a combination of proliferative and inflammatory 
changes The lesions are microscopical and there is ab ence of char 
acteristic macroscopic findings This prohferation of endothelial cell:, 
gu es rise to small svv ellings somewhat resembling minute miliary tubercles 
and the perivascular infiltrations m the brain may suggest that seen in 
encephalitis The perivascular infiltrations m the skin produce Fraenkel s 
typhus nodules and the microscopical evanunation of a small piece of 
skin may be diagnostic 

The petechiae are due to thrombosis of the smaller vessels and sub 
equent haemorrhagic manifestations These important studies by 
Fraenkel were confirmed b> Aschoff (1915) Chian (1917) Jaffe (1918) 
Wolbach (1920) and others 

Morbid Anatomy — The gross pathological lesions of tvphus are not 
distinctive The rash is often evident at post mortem Haemorrhages 
of considerable size may be present m the skin and subcutaneous tissues 
especially m areas which have been subjected to trauma \reas of skin 
necrosis or gangrene may be present They are rarely accompanied b\ 
thrombosis of the large vessels being due to evtensue thrombosis of the 
capillaries of the small veins and artenes of the skin Small haemorrhages 
in the conjunctivae arc frequent The heni usually shows slight gross 
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changes Cloudy swelling k often present Microscopically the blood 
vessels show similar lesions to those observed m the skin, and sometimes 
there is considerable itifiltratiori with mononuclear and polymorphonuclear 
cells Thrombi are rarely found m the larger blood vessels In Wol 
bach s series of 39 cases mural thrombosis of the aorta and iliacs was 



splenic arteries was also noted as a rare lesion In many of bis Cdses 
however, the microscopic e-raminaUon of the vessels was necessary to 
demonstrate the lesions 

The blood is usualiv dark colored and the Uver and kidneys show 
cloudy swelling The spleen is somewhat enlarged dunng the early 
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stages of the disease hut tends to be normal m size later on It is often 
very soft and then maj rupture from being handled at autopsj Micro 
scopicallj engorgement with blood with extensive phagocytosis of red 
blood corpuscles and diminution of lymphoid elements is commonly 
present 



Bronchitis and broncho-pneumoma are extremely frequent md con 
stitute a most common fatal comphcation In 8 of Wolbachs senes 
extensive broncho pneumonia was the immediate cause of death The 
oesophagus stomach and intestines ate usually normal lo appearance 
There are no change® m the Pevers patches and the mesenteric glands 
are not enlarged thus diderentiaUng from typhoid fever 
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The parotid gland xs frequentiv swollen having hecome infected 
secondanlj with bacteria from the mouth bj ivaj of the ducts While 
the scrotal tissue may share in the general involvement of the skin in 
typhus in contrast to the reports of Rocky Mountain spotted fever, the 
genetalia are affected but slightly Only an occasional thrombosed v essel 
IS found in the testes with no lesions in the female genitalia 

The lesions in the brain particularly in the basal ganglia meduUa and 
cortex of the cerebrum, and more rarely m the white matter and cere 
bellum correspond in size to miharv tubercles and are secondarv to 
lesions of the small blood vessels and capillaries, as m the skin They 
first consist of a collection of large cells of vascular and perivascular 
ongin endothelium and monocytes with necrosis resulting from occlusion 
of the vessel The further iccumulation of cells derived m part from the 
proliferation of mononuclear phagoevtes and m part from neuroglia 
results in the formation of cell clusters in the nervous tissue The lesions 
are invasiv e in contrast to the perivascular cell accumulations in the brain 
m most other infectious diseases The number and wide distribution 
o! these lesions are probably the cause of the severe nervous sjmptoms 
which have sometimes been ascribed to the toxic effect on the organism 

SVitKOMATOLOCy 

The period of incubation varies from $ to 15 davs Usually how 
ever U is from 8 to u days The period of onset mav cover about * 
days during which time the patient has headache giddiness backache 
anorexia perhaps nausea and general malaise There may be rigors or 
chilU sensations About the end of the second day the temperature 
rises fairlv rapidly to become or los^F by the third or fourth day 
With the nse of fever the face becomes flushed the tyes injected and the 
expression apathetic The headache is usually quite severe and may be 
frontal occipital or generabzed TTie temperature remains elevated 
with slight morning remissions for from ii to 14. davs when it may fall 
by crisis or more gradually by rapid lysis 

Well marked prostration and cardiac weakness are early noted There 
IS a tendency to constipation and the mouth becomes foul and the teeth 
rapidly covered with sordes unless the greatest precautions m oral 
deanline s arc observed There is marked tendency to clouding of the 
consciousness At times the disease shows an abrupt onset rather than 
that described above 

The eruption appears from the thud to seventh dav Usually it is 
present by the fifth day consisting of slightly elevated rose spots which 
at first disappear on pressure but quickly tend to become permanent and 
later purpunc The eruption first appears m the axillae flanks and then 
extends to the abdomen chest and later to the « vtremities The term 
mulberry rash is sometimes used to describe the rash of typhus In 
addition to the abov e there is a subcuticular mottling The conjunctivae 
are injected Along with the appearance of the rash the symptoms 
become aggravated the effect on the heart is more marked and the pulse 
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becomes feeble The face is often dusky There ma> be a bronchwi 
eatanh with an annoying cough 

By the end of tht first «eek the delirious or stuporous condition 
becomes more marked with a tendency to muttering dehriutn tremors 
and subsuhus the coma vigil of the older wnters Terrifying hallucina 
tions may cause the patient to jump from the window and kill himscif 
There is a tendency to parotitis and otitjs media connected with the 
mouth condition On account of the circulatory weakness there is a 
tendency to gangrene of the extremities especially the toes rarely the 
fingers 



In cases which recover there js a critical change m the apparently 
desperate condition of the patient about the end of the second neek the 
sudden striking change for the better being more marked in typhus fever 
than in any other disease TTsc temperature falls and there i s abundant 
sneating The stapor disappears consciousness returns and the patient 
frequently realizes the iBiprovemenl ra his condition At this time the 
mine changes from a bigh-coloied often albuminous one to an abundant 
secretion of more or less normat character General weakness howewr 
^ith persistent circubtory disturbances way continue m some instances 
for a fortnight after the crisis In oUict cases in spite of the fall in the 
temperature the mental condition remains unfavorable or becomes worse 
changing from dehrmm to coma Muscular twitchings appear with 
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incontinence of urine and faeces, the case tcrminaling fatally la such 
instances the symptoms are probably due to the prevalence of wide distn 
bution of the typhus lesions m the central ncrvou* system 



SYMYtOUS 1 1 DCTAIU 

The Eruption — This first appears about the fourth dav as macules 
about axillae and loins then spreading o^er abdomen chest and back 
It IS often more pronounced on the back than el&eivhere It almcst 
never appears on the face but maj occur on the palms and soles It has 
a resemblance to the rash of roeades At first disappearing on { re^ure 
It soon becomes permanent and then peucbial The livid color of the 
rash has brought about the designation mulberry rash The rash 
lasts from a few days to tn o % eefcs Markedly haemorrhagic rashes may 
be accompanied b) haemaluna hoemaiemesis and melaena In such 
cases, the mental symptoms are frequently severe and the cases are apt 
to be fatal 

Tbe Fever — The fever nse folVo-ning a chvU is much mote rapid than 
m typhoid fever reaching its fastigwm in about 3 days A more or less 
continuous range of fever (lo^* to io4®F) follows until about the four 
teenth daj, when there is often a rapd Ijsis or possibly cn is at which 
time the patient tends to fall into a tefre bing sleep and to show a rather 
marked diuresis , > • 

The Alimentary Tract— Constipation is usually noted \ cry marked 
IS the tendency of the mouth and tongue to become dry and sordes to 
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collect on the teeth The dry black tongue has led to the designation 
parrot tongue It is often difficult to get the patient to protrude his 
tongue when told to do so 

The Circulatory System — Very outspoken is cardiac weakness due 
to myocardial degeneration TTie heart sounds are very weak and the 
pulse feeble rapid and irregular The blood pressure often is very low 
especially the diastolic and may remain so throughout the disease 
Bradycardia may be marked during convalescence 



Pic »js — h r s of Ih k n and ubcut o ftoe r ght trochanter and I ft 
ondyle of the f mu Inse t show c s on m d after de tb th ugh the les n 
e the trochanter (Courte y H vard U rs ty Pi^ ) 

The Respiratory System — Cough may appear m the first days but 
usually IS first troublesome about the Ume of the eruption By the end 
of a week the cough becomes loose and talcs of various types may be 
noted Death often occurs from a terminal broncho pneumonia 

The Nervous System — Clouding of the consciousness may be as 
marked m this disease as in plague Dull aching frontal headache is 
common and is an early predominating symptom It frequently dimin 
ishes before the eruption appears A dull stuporous state soon comes on 
Delirium is marked in some cases \s in plague there are often the facies 
and mental state of alcoholic intoxication There may be rigidity and 
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retraction of the neck, suggesting cerebrospinal fever However, there 
IS usuallj onl> a slight increase of mononuclear cells in the spinal fluid, 
and the fluid is not markedlj turbid 

The- Blood — There is nothing ver> characteristic m the blood exam 
mation The leucocj Ic count sometimes falls m the first da> or two, then 
gradually rises until the crisis, and then again falls The leucocytosis 
IS only moderate it rarely exceeds laooo and the polj morphotiuclear 
cells make up about 80-85 per cent Eosinophiles are decreased Some 
observers have noted an increase in the Urge mononuclears * 

Complications — A bronchitis is very common and later on there 
ma> be such a profuse expectoration that it 1 difficult for the patient 
to expel it and he may become cyanotic Bronchopneumonia is a very 
frequent cause of death Otitis media and parotitis are not infrequent 
complications Deafness is often marked Retention of urine is not 
uncommon Incontinence may occur during the delirium Tebrile 
albuminuria and cylindruria are usually present, but nephritis is rare 
Thrombosis of various vessels both abdominal and peripheral, may be 
noted Gangrene of the extremities especially the toes, is frequently 
present Gangrene of areas subjected to pressure as over the sacrum is 
not infrequent Symmetrical gangrene of the extremities was observed 
by Shattuck in the Serbian cases There does not seem to be the same 
tendency to gangrene of the genitalia as m spotted fever of the Rocky 
Mountains Shattuck found that during convalescence suppurative 
lesions such as abscesses were not uncommon One patient developed 
suppurative lesions about the knee joint followed by an abscess near the 
thyroid A perinephritic abscess was a late sequel in one case Small 
boils were common and suppurative otitis media and mastoiditis were 
observed not infrequently lie found that even after the most severe 
symptoms convalescence vvas rapid considering the emaciation and 
weakness of the patient I am, more or less severe m the legs and feet 
was a very common symptom of convalescence In a few cases rapidity 
or irregularity of the pulse persisted for a considerable time 

DIAGNOSIS 

Difiereabal Diagnosis — ^The disease must be distinguished from 
typhoid fever malaria relapsing fever, and Rocky Mountain spotted 
fever Prior to the appearance of the rash a differential diagnosis la 
frequently impossible However, during an epidemic the diagnosis is 
often fairly evident from the onset of the fever chill and headache The 
more gradual course of the fever and the less marked stuporous condition 
together with a positive Widal reaction and positiv e blood culture should 
differentiate tvphoid fever from typhus 

Plague has the same picture of alcoholic intoxication as typhus but 
the characteristic rash is not present Influenza, with its acute onset is 
confusing but there is not any increase in the number of leucocytes 
In encephalitis lethargica there is no eruption and no splenic enlarge 
ment and the onset is gradual with only moderate fever 

Snapper has found that when the skin rash has persisted for a considerable period 
it might be connected with thromhopenia In one case the blood platelets were only 
15 500 per cm (Chinese Lessons to Western Med cine 1941 ) Lampert wVo has 
studied 300 cases in daily obsecvatioi s of the bl<H>d found during the f rst few da) s 
there was a pronounced shift to the left in the Arneth Schilling index He concluded 
that at this stage when the percentage of the neutrophiles with rod shaped nuclei 
(stabs) w as 43-40 this was diagnostic of typhus 
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Relapsing fever and malana are satisfactorily differentiated by the 
blood examination In both also the spleen is more apt to be enlarged 
The distinction between endemic typhus and spotted fever may be 
difficult on cbnical and epidemiological evidence The clinical course 
however is generally more severe in spotted fever and in epidemic typhus 
than in endemic typhus 

In Rocky Mountain spotted fever a history of tick bite may be of 
assistance and sometimes a small ulcer may indicate the site of the bite 
Pinkerton (1940) points out that the differentiation may be made m the 
laboratory by cross immumty tests in the inoculation of guinea pigs 
and by the fact that typhus ncLettsiae grow voluminously in the cyto 
plasm m the cells of tissue cultures but never invade the nuclei while 
spotted fe\ er nckettsiae regardless of how atypical the strain from which 
they are derived may he grows sparcely in the cytoplasm but form com 
pact spherical colomes in the nuclei of the infected cells These distinc 
tive patterns are also found m the cells of infected arthropod hosts the 
tick and the louse of these two viruses 

The differentiation between epidemic or European and endemic or 
munne typhus may be made on the basis of lack of an obvious scrotal 
reaction with the European strain on guinea pig inoculation and from 
the fact that murine typhus causes a febnle disease in the rat with 
Rickettsiae m the scrotal sac while tbe European typhus virus causes an 
entirely inapparent infection in this ammal 

yieilFelix Reailton — ^In the diagnosis of typhus fever great impor 
tance is attached to the Weil Febx agglutination reaction which tbe serum 
of typhus patients has upon certain proteus bacillus cultures designated 
as OXa and OX19 These correspond in characteristics to certain 
strains of Proteus I'ulgans producing indol in peptone solution and acid 
and gas in glucose maltose and saccharose but not m lactose or mannite 
They digest gelatine and blood serum somewhat more slowly than typical 
cultures of Proteus vulgaru Although these organisms have been iso 
lated from the urine of several typhus cases it seems certain that these 
X baalli are neither causative oi^nisms nor secondary invaders The 
reaction is therefore heterologous and not specific The reaction appears 
during the first week of the disease but becomes quite marked in the 
second week and during convralescence Thus a titer of i to 25 on 
the fifth day usually rises to 1 to too or higher by the end of the second 
week The test is made either with hvtng or dead cultures and is 
earned out as for typhoid agglutinations preferably by the macroscopic 
method 

Tie n Fell! U otionTesl — The Pwteut culture tecommtnded by Weil and 
and universally used is one isolated in 1916 from tbe unne of a typhus case 
andkoown as Proteus X 19 In astudyof dissooation forms of this organism two forms 
*ere recognued am tile flagellated type (II) and a non motile unflagellated type (0) 
It IS thi latter type or Proteus OX19 that is the stand rd culture Other Proteus 
strauis used for agglutination tests are OXa and OXK It is strange that the guinea 
pig infected with Rickettsia fails to show senim agglutin ns alth ugh protected from 
I'lrulent doses of rickettsial matenal Preap tm* and bactenolysms are also absent 
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retraction of the neck, suggesting cerebrospinal fe\ et However, there 
IS usually only a slight increase of mononuclear cells in the spinal fluiii 
and the fluid is not matkedK turbid 

Thfr Blood —There is nothing \ ery characteristic m the blood exam 
mation The leucoc> te count soroetimcs falls in the first dav or Itpo, then 
graduallj nses until the cti is and then again falls The Ieucoc>tos\s 
IS onij moderate it rarely e'cceeda 12000 and the polymorphonuclear 
cella make up about 80-85 per cent Eosinophiles are decreased Some 
obseriers ha\e noted an increase m the large mononuclears * 

CotnpUcatioos — A bronchitis is serj common and later on there 
ma> be such a profuse expectoratioo that it is difficult for the patient 
to etpel It and he may become cyanotic Bronchopneumonia is a 'er> 
frequent cause of death Otitis media and parotitis are not infrequent 
complications Deafness is often marked Retention of unne is not 
uncommon Incontinence maj occur during the delirium Febrile 
albuminuria and cylindruna are usually present, but nephntJs is rare 
Thrombosis of \artou3 senseis both abdominal and peripheral, roa> be 
noted Gangrene of the extrenulies especially the toes is frequent!) 
present Gangrene of areas subjected to pressure as over the sacrum is 
not infrequent S>mnietnca! gangrene of the exlremittes was obsened 
bj Shattuck in the Serbian cases There does not seem to be the same 
tendency to gangrene of the genitalia as in spotted fever of the Rocky 
Mountains Shattuck found that during cosvale ceoce suppurative 
lesions such as abscesses were not uncommon One patient developed 
suppurative legions about the knee joint, foHoned b) an abscess near the 
thyroid A perinephntic abscess nas a iate sequel m one case Small 
boils were common and suppurative otitis media and mastoiditis were 
observed not infrequently He found that even after the most severe 
symptoms con\alescence was rapid con id< ring the emaciation and 
weakness of the patient Taio more or les> se\ere la the legs and feet 
was a very common symptom of convalescence In a few cases rapidity 
or jrregularit) of the pulse p^nistcd for a considerable time 

DIACNOSIS 

Differenbal Diagnosis — ^Tbe disease must be distinguished from 
typhoid fever, malaria relapsing (ever and Rocky Mountain spotted 
fever Prior to the appearance of the rash a differential diagnosis is 
frequently impossible However during an epidemic the diagno is is 
often fairly evident from the onset of the fever chill and headache The 
more gradual course of the fever and the less marked stuporous condition 
together with a positive Widal reaction and positive blood culture should 
differentiate typhoid fever from typhus 

Plague has the same picture of akoholic intoxication as tjphus but 
the characteristic rash is not present Influenza with its acute onset is 
confusing but there is not an) increase m the number of leucoc) tes 

In encephalitis lethargica there is no eruption and no splenic enlarge 
ment and the onset is gradual with only moderate fever 


' has found that when the skia mh ha persisted for a consid rahte peno 1 

It might be ponnected with Ihromboperwa In one case the blood platelets were only 
rrrfio perm (Chinese I/essons to \\«ten» Medicine 1941) Lamperl who has 
studied 300 cases in daily oburvauon* of ih blood found during th first few dav s 
there was a p'onounced shift to the left ui the ^melh Schill ng index He concluded 
that »t this stag when the percentage of the neotrophiles with rod-shaped nuclei 
( Ubs>«as S' 4 o this was diagno UCOftyphus 
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The mortality in epidemic typhus is greatly influenced and increased 
by lack of proper nourishment and nursing and care gi\en the patients 
The mortabty usually increases «ith age In children it js a \ery mild 
disease and death rarely occurs m mdividuab under 20 y ears of age except 
in severe general epidenucs In later Ufe the liability to severe broncho 
pneumonia which results fatally is more common Old people are gener 
aUy apt to succumb 

The prognosis is serious m cases with high fever profuse rash and 
marked mental disturbances 

Typhus fever has claimed more 'victims in the medical profession 
than any other epidemic disease The mortality among physicians in 
epidemics is generally high Osier states that in a period of 25 years in 
Ireland among 1230 physicians attached to institutions SS® of 
typhus Minkine reports that out of 13 physicians working at the 
typhus hospitals is contracted the disease and 6 of them died Butler 
in connection with his typhus hospital unit states that of 6 physicians 4 
contracted it and ■» died The mortality among the Serbian physicians 
in 1915 amounted to 126 out of 350 or 36 per cent Moreover some 
of these physicians were regarded as immune from previous attacks 
contracted before this epidemic Fnedberger in reporting an epidemic 
at SchuUen m 1913 states that 4 of the doctors were attacked and 14 
died a mortality of 38 per cent that of 332 nurses 71 fell ill of whom 
13 died a mortality of 2t per cent at the same time the disease among 
the Russian prisoners showed only a mortality of 7 8 per cent ^^'hy the 
infection with typhus has been so common and the mortality so high 
among physicians is not explained There is no evidence that there is 
opportunity of direct infection by some means in which the virulence of 
the infection (as in pneumonic plague) is uniformly greater than when it is 
transmitted through the intermediate host — in the case of typhus the 
louse and m bubonic plague the flea However infection through the 
conjunctiva is possible and it has been demonstrated by Durand and 
Giroud that it is possible to infect mice by the intranasal installation of 
the virus of epidemic typhus (See also p 936 ) 

Immunity — It has generally been regarded that an immumty usually 
complete follows recovery from an attack of typhus Such immunity 
may last for a long time However that the immunity is not permanent 
seems evident as a number of well authenticated instances of second 
attacks and even of third attacks have been recorded 

Zinsser and Batchelder found that the serum of convalescent guinea 
pigs contains protective bodies which protect other guinea pigs from 
infection with typhus virus provided the serum is collected from the 
first to the fourteenth day after defervescence Serum taken later than 
the 2ist day no longer protected Also in human beings apparently 
protective bodies are not present m the blood after about three weeks 
Zinsser (1940) suggests therefore that true immunity in typhus depends 
upon tissue resistance rather than upon circulating antibodies With 
tissue cultures of nckettsiae he has shown that convalescent sera may 
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The test should be perlormed nuctoscopicany Serum dilutions oi i to 35 and eves 
I to s<s may fait to agglutinate 0><^Eetutuu»d *one5 whereas higher dilutions (j to joo 
or 1 to soo) will sho^ iggiutination A|»1utimns ere demonstrable by the end el the 
first week and the titer rises during the course of the disease often reaching i to jooo 
at the termination of the fever after which it teadily {alls A titer of i to 80 or less 
has no significan e 1 to rdo is suttgestive i to ^aoot i lofiaoisusually but not invari 
ably diagnostic Titers as high as 1 to 40 000 have been reported 

The Journal of the R A M C id an editonat (March 1935) states that a classification 
of rickettsiae according to there vectors is unsatisfactory and advocates a classification 
based on artige crclationa The foUowntg; table based on the work of Felix is given 
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Bridges (19353 has noted that wbdethcO vanety of Xa js extremely stable this jnot 
the case wuh these variants oi X19 and \k which tend to change to 11 variants He 
points out the difficulties of maintaining standard cultures even in great not onal labors 
tones and emphasises the advantages of killed suspensions over the living organisms 
Bridges recommends killing wuh alcohol then removing the al ohol and resuspending 
in saline then preserving with tuOered formal saline with the concentration of the 
formalin o J5 pet cent 

Although telix has repotted the cultivation of Troleus Vtp from the blood and 
organs in typhus there is little evidence either from syjlemo/ie blood and urine cultures 
performed during life or from the organs post mortem that this bacillus is the etiological 
factor in typhus For a time the hypothesis was su gesled b> some that nckettiiae 
tepre enl mutants 0! B ^ olcKr Fbis view however is no longer regarded as correct 
Amgstein in his attempts at cultivation of neketl lae obismed certain appearances 
of growth which led him to believe that a close connection eai ted between nckettsiae 
and BanHuj Juu<ernu This view u also no lonetr held tenable However no 
satisfactoty explanation of the signibcance of this reaction in tvphus fever is known 
The onty suggestion of its explanation has be*n furnished by ?m»tr Castsneda and 
Zia who have found a common antigenic factor probably a carbohydrate in proteus 
OXt9 and m suspensions of munne ricketi lae 

The Aational Institute of Ueakh and riots m the Army Medical School U ashing 
ton regard a nse in titer of greater significance than any r reading unless it is above 
iz6o A slide agglutination test has ai o been suggested with Proteus and also with 
a rickettsial antigen Van rooveti and Bearcrolt (<943') in the agglutination tests in 
the British Middle Tasl forces in Ffvpt have u ed rickeusue suspenwons prepared bv 
Ctaigie of Toronto which were remarkably stafle and con islent in their responses 
Concentrated rickettsia vaeimes constitute a satisfactory antigen either for use in the 
complement funtion or ogglutinalim test 

Cem /e»ie»r i-tJiUon — Emrloyngspecifiv rickettsial antigens complement fixation 
tests can now be performed to distinguish between the various rickettsial diseas s 
Castaneda and Bengt-on and Topping have tej orted surh a test for endemic tvphus 
Bengtson for Q fever and Plot* and VVestman for Rocky Mountain spotted fever 
Plot* has recently developed an epidemic n kett lal antigen so that positive fixation is 
obtained in epidemic typhus rurtbermore by means of the complement fixation test 
he is able to di tinguish bet veen epidemic and endetnn, typhus and has also shown 
tbarBnWsdisea e bfJongs to tbeepidejmc tyjdiosfeser group {reisonalcommumca 
tion 5« also Science 97 *943) 

PKOGVOSIS 

The mortality has varied greatly m different epidemics from as low 
as 5 Of ro per cent to 70 pet cent A mortahtv of 20 to 35 per cent is 
not uncommon Punng the Serbian epidemic (191s) reached 70 per 
cent but in other more recent outbreaks in eastern Europe it has been 
as low as from 8 to 12 per cent In ome of these the virus may have been 
that of endemic munne typhus In endemic typhus of the United States 
the mortahty is estimated by Msucy to be between a and 4 P 
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of the patient Cardiac stimulants are often indicated as caffein and 
camphor or tincture of digitalis Caffeine m o 2-0 5 grm doses is some 
times recommended in the cases whidi collapse Thjroid extract has 
been of value ShattucL in cases suth collapse symptoms found that 
salt solution adimmstered intravenoodv to patients in which circulatory 
disturbances seemed to be mainly due to vascular relaxation responded 
satisfactonlj When patients are rapdly losing strength because they 
cannot assimilate food he advocates the use of alcohol not m small doses 
but freelj Lumbar puncture for the relief of the dehrium and other 
cerebral s>rnptom3 has sometimes been of benefit Codein is indicated 
when the cough is troublesome 

^lenk (1941} reports tbit sulfapyndme bas been used m the treatment of typhus m 
Wini'u Since etr\y qs especially in telaUon to the compUcitions of which the most 
common and dangerous is pneumonia due to secondary bacterial invasion The 
Impression has been gamed that the drug tends to prevent pneumonia but there is no 
evidence that the sulfonamides influence the typhus disease itself 

On diSerent occasion the serum of con alescents from Inihus has been employed 
by many workers for the treatment of the disease Durand (193;) Elman ( 934) 
and others reported some bene&ciat results However Levaditi and Lepme ( 93S} 
h e found that gi en during the course ol the lUness it neither arrests the evolution 
of the disease nor d m nishes its gravity Asheshov in Rus la found that while it 
might miti at« the severity of thesymptomait did not shorten the course of the disease 
Other observers however have recommended serum for passive immunization 

N colle and others hav c mm nded fo t eatmeni the sera of bor es or as es 
intravenou Iv inj cted v ith me gd s s f nf ct dt ssu s However the major ty 
of cl nicians have aband ned the u e f such s a fo t eatment More recently 
Z sse and Castenada have prepared an ant m e h s ae um v hich they report 
poB es es specfic protective pr phi la tic and tberapeui aton for guinea pigs 
Zinsser (1940) p t that th s serum bas since been eite veK u ed in Mexico iSinis 
tnd Rumania but th esults that can be appraised onlv n a p 1 minary manner 
In hfeiico where the maj tyofib cases and perhaps all f them a e infected with a 
niuri e virus the serum ha p e encou apn re ults In Tu and m Rumania so 
far the e ha been no indi ation of ny degree of usefulness Z sse fpund that thi 
serum gave only rartial protection to gu ea p gs which \ e e s bseque tly inoculated 
With the ep demic Eu pean irus 

Preventive Measures — During an eptdemic of European typhus a 
plan of campaign should be made and should include general disinfestation 
of people in badly infected districts general house to house inspection 
in such districts with removal of patients to hospitals for typhus cases 
disinfestation of other inmates of such houses disinfection or disinfesta 
twn of houses fiom Y.hich patients ’were taVen or in which deaths from 
typhus had occurred the establishment of quarantine and bathing and 
disinfesting stations at important points throughout the country the 
limitation of railway travel by reducing the number of passenger trams 
and the establishment of a system of limited travel permits and of inspec 
tion of travelers onlv cars with wooden seats with no upholstery being 
permitted to be run provision for the cleaning and disinfecting of such 
tars after each journey provision for the cleaning and disinfestation of 

tan M e end k (1943) b icported that one tabi t ot atabrme hvdrocblo de 
(0 I g am) 1 1 d togethe with a da Ij injecti n f o- o cc of a o per cent solut on 
of calcium gluco ateo aioperc t s lution of calcium chlor d a specific treatment 
for typhus f ver In severe asc as much as 40 cc of calcium chloride has pr ved 
espec ally effect ve He emphasi* s that calc um deficiency is an important factor 
in th d s asc There has been no confinn t oo of the efficacy of this I atinent The 
use of param 0 ben 0 c acid ha al o been suggested fo treatment 
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develop active rickettsial agglutinins uhich ate diagnosticaUv reliable 
Using munne organisms nashed out of the peritoneal cavities of x ra^ed 
rats and the Weigl louse vaccines (of epidemic t>phus), he shoned that 
there were cross reactions betweni these two organisms which indicated 
that they were not identical but closdy related It has also been demon 
strated that phagocytosis enhancing juoperties (opsonins) also mav 
develop m convalescent typhus serums and may persist longer than other 
immune bodies 

Epstein using emulsions of infected lice, human convalescent serum 
and titrated blood showed that nckellsiae may be actiiel) taken up 
by the Icucocvtes 

Castenada (1936) demonstrated that opsonic substances may remain 
in the serum of convalescent guinea pigs for as long as 3 months after 
infection It is the acquired immumiv of convalescence and the immune 
substances which have de% eloped during conialescence and in inoculated 
animals that have encouraged the hope that methods for active immuniaa 
tion against the disease might be desised 

TREATMENT AND PROWIVUCCIS 

Treatment —There is no specific treatment and there is no disease m 
which careful nursing is so important Shattuck from his experience in 
the Serbian epidemic emphasizes that it is certain that filth, famine 
overcrowding and lack of ventilation favor the spread of typhus They 
favor It not only by increasing opportunity for transmission of infection, 
but also bv weakening in advance the tesisuncc of the person infected 
It seems certain that bad conditions of living tend to lower the resistance 
of the individual and to increase morbidity as well as mortahly m an 
epidemic of typhus 

The first fundamental pnnciplc of treatment rests on these facts 
It demands maintenance of the patient s reoiaini&g strength by every 
possible means (i) by removal from unsanitary surroundings (a) by 
good nursing and (3) by a well regulated dwt 

It IS very necessary to maintain the recumbent position Continuous 
rest in bed with abundant nounshroent are important to the strength 
of the patient An abundance of water should be given and the diet 
should consist of milk, broths and soft solids The tendency to skin 
gangrene requires constant uatcbiog 

The care of the mouth is very important A mouth wavh of equal 
parts of bone acid solutioo glycerine and lemon ;mce should be used to 
swab out the mouth several limes daily Constipation should be con 
trolled bj enemita It is best to give the patient abundance of fresh 
air so that tent treatment with appropriate climatic environment is to 
be recommended Cool ponging lessens the nervous manifestations as 
well as lowers the temperature Ice bags to the head are advisable for 
the relief of headache Veronal or cMoral mav be needed to control the 
insomnia and hyosane in cases with acute delinum with or without 
morphia is of advantage in giving rest and in conserving the strength 
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of the patient Cardiac stimulants are often indicated as caffein and 
camphor or tincture of digitabs Caffeine in o 2-0 5 grm doses is some 
times recommended in the cases which collapse Th>roid extract has 
been of value Shattuck m cases with collapse symptoms found that 
salt solution administered intravenously to patients in which circulator) 
disturbances seemed to be mainly due to vascular relaxation responded 
satisfactonly When patients are lapidl) losing strength because they 
cannot assimilate food he advocates the use of alcohol not in small doses 
but freely Lumbar puncture for the relief of the dehnum and other 
cerebral sjmptoms has sometimes been of benefit Codein is indicated 
when the cough is troublesome 

Meslc (1942) reports that sulfap]md>ae bas been used in the tre tment of typhus in 
Warsaw since early 1940 especially in relation to the complications of which the most 
common and dangerous is pneumonu due to secondary bacterial invasion The 
impression has been gamed that the drug tends to prevent pneumonia but there is no 
evidence that the sulfonamides ind enct the typhus di ease itself 

On different occasions the serum of convalescents from typhus has been employed 
by many worlters for the treatment of the di ease Durand { 9jj) Elman (1934) 
and others reported some beneficial results Ilonever Levaditi and Lepme (1938) 
have found that given during (he c une of the illness it neither arrests the evolution 
of the disease nor d minisbes its gravity Asbesbov in Russia found that while it 
night imtigate the se enty of the sympioms it did not shorten the course of the disease 
Other observers howe er ha e recommended serum for passive immunization 

N colle a d others have recomme ded for treatment the se a of horses 0 a es 
intravenousl> injected thmcreasi g d>$es of infected ii sues Ho ever themajorit) 
of chn Clans have aba doned the u of uch se a (or treatment More recently 
Zinsser and Ca tenada h ve prepared an anti mur e h rse ser m which they eport 
possesses spec fic protect e prophvlacic and the peutic act 0 (or guinea pigs 
Znsser ( 940J eports that ths serum h $ nee been eitensivtlj us dm Mexico Turn 
and Rumania but with results that can be appraised only in a p el minarv man er 
In hlexi 0 ubere the majo tv of the ca es and perhaps all of them a e infected w th a 
mu me vi us the se urn has ^ en encou gmg result In Tun s and in Ruman a so 
far the e h s been no mdicat of any deg ee of useful es Z n e fpund that ib 
serum gave l> part al protect n to gu nea pgs wh ch were sub equentiv inoculat d 
' ith the epide 11c E pean inis 

Preventive Measures — Dunng an cptdemtc of European typhus a 
plan of campaign should be made and should include general disinfestation 
of people in badly infected districts general house to house inspection 
m such districts with removal of patients to hospitals for typhus cases 
disinfestation of other inmates of such houses disinfection or disinfesta 
tion of houses from which patients were taken or in which deaths from 
typhus had occurred the establishment of quarantine and bathing and 
disinfesting stations at important points throughout the country the 
limitation of railway travel by reducing the number of passenger trams 
and the establishment of a system of limited travel permits and of inspec 
tion of travelers only cars with wooden seats with no upholstery being 
permitted to be run provision for the cleamng and disinfecting of such 
cars after each journey provision for the deamog and dismfestation of 
Van Me rand nk ( 943) has repotted that ne tabl t nf atab e hjdrochloride 
(0 1 gram) 1 1 d t gether with a d Ij injection ( o-jo cc of a 20 per cent solut n 
ol calc urn gluconate or a o per cent s luti p of calaum chlonde is a specific t eatment 
for tjphuj fev r In severe c e as much as 40 cc of c I lum chto de has p ovel 
* pen lly effecti e lie emphasizes th t calaum d ficiency is an important (actor 
in th dise se Ther ha been n confirmati n ( the efficacy of thi treatm t The 
am no benzoic ac d has als be suggested for treatment 
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public vehicles patUculatly of cabs at the tailv, ay stations the sanitary 
inspection of restaurants and cafes and the establishment of regular 
hours of closing during the day for cleaning and disinfection -nd the 
methods to be employed for such disinfection, regulations for hospitals in 
connection with the dismfeatatwn of the wards bedding and linen, and 
of the inmates and their clothing, the establishment of free dispensaries 
m various cities, not only for the treatment of the sick but for the early 
detection of individuals suffenni, with infectious disease, a campaign of 
education with printing and distribution of circulars regarding the nature 
of the disease the manner of its spread and the precautions to be taken 
to avoid infection The details of such work obviously cannot be dis 
cussed in a textbook 

Per onal prophylaris CQns)sts especially of the destruction of body hce, 
or preventing their access to the pet-on Those attending cases should 
VI ear gowns closely fitted at neck and wnsls and rubber gloves Better 
than a gouri are umonalls with stocking extremities to go under or 
over the shoes The typhus case should be delouacd with the greatest 
thoroughness and his clothing sierilwed 

For ridding the body of bee the foilovung steps are essential 

I The hair of the bodv and head should be clipped 

The subject slould be bathed there being used freely kerosene 
emulsion soip prepared bv boding x part of soap lo 4 ports of water and 
then adding parts of kerosene oil The resultant jellv when mixed with 
4 parts of water makes a liquid soap that is convenient to use and which 
may be applied cSectiveU 

3 Following the bath the body may be anointed with kerosene 
special care being devoted to the hairy parts Skin untation may, how 
ever require earJy removaJ of the oil 

4 It has been found that lice on clothing removed from the body 
may renuin alive nme days and their eggs as long as forty days The 
clothing therefore should be disinfected by one of the following methods 

{a) Steam (b) boihog for five minutes ( ) g per cent compound cresol 
solution for 30 minutes (d) diemicals such as cvaiude or chloropicnn 

5 In the absence of facilities for carrying out the steps described, or to 
prevent infcslauon subsequently dusting powders are sometimes used 
Of the e the ?» C I powder roniammg commercial naphthalene gms , 
creosote, 2 cc and iodoform 2 gms is the most widely known but 
hloote s powder— creosote i cc sutphut o 5 gm and talv o gms — 
is less irritating and is said to be six times as effective It has also been 
recommended to w ring out the underclothes m s per cent compound cresol 
solution then drying thoroughly ot to impregnate them with substances 
such as the halogenated phenols A temperature of SS to 6o®C for rs 
minutes is sufficient to kill lice and the blankets and woolen clothing may 
be treated in the tumbler of the laundry and thus made li e free 

Receut studies earned out bv the Umled States Army and reported 
in Circular 50 Office of tbe Suri,i.on General November r942, indicate 
that the best delousing of clothing and equipment can be obtained by the 
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use of QAI issue methyl bromide eithei in portable and demountable 
forced air circulation, gas chambers made of plj-wood or m special 
QM issue bags made impervious by impregnation with ethyl ceOulose 
Clothing and equipment are not injured by this method The fumigant 
methj 1 bromide is slightly more toMc than carbon tetrachloride but when 
used m the prescribed manner it can be safely handled and gas masks 
are not required by the personnel involved The gas has great powers of 
penetration and when the proper dosage is used it will in 30 minutes 
destroy all insects or insect eggs even if they are on clothing m the center 
of a filled barracks bag Clothing fumigated in this way can be safely 
reissued to the owners within one hour or by the time the concurrent 
bodv debusing and bathing procedures have been finished 

The approved QM issue insectiadal powder may be dusted into 
the seams of clothing every 7 to 10 days not only as a debusing measure 
but as a prophy lactic against infestation The debusing of the bodv sur 
face is earned out by barbenng and by the local application of insecticides 
followed by careful bathing and the combing out of any retained nits 
The application of insecticides should be done 15 minutes prior to bathing 
by wetting the hair and skin with the following lotion 

Per Cent 

Pyretbrine 0 3 $ 

IV 930 *0 

Cs tor oil i 0 

Isopropyl alcohol 8r 0 

Mater q s ad 00 a 

Another satisfactory method of destroying head or crab lice is to 
apply to the hair and skin areas involved one of the following insecticides 
34 to 48 hours prior to debusing of clothing and bathing 

Lethane 384 special 3a per cent ta mineral oil 
Lauryl thiocyanate ts per cent m raineral oil 
QM issue insecticidal powder 

Apply S c c of either of the above liquids to the hair and skin areas 
involved or dust heavily with the msectiadal powder and rub in 
Dimethyl phthalate both as a repellent and insecticide has been found to 
be especially effective while DDT (or Gesarol) is said to be most effec 
tive in the destruction of lice and their ova Underwear impregnated 
with r per cent emulsion remains louse free for a number of weeks and 
often after several washings (see p 1747) 

In the absence of these special preparations the hair should be shaved 
or close clipped Vinegar or 15 per cent acetic acid may be rubbed into 
the hairy surfaces to loosen eggs, followed by vigorous shampoo with hot 
soapy water containing 25perceiitkeroseQeand removal of any remaining 
nits by combing with a fine comb 

Precautions should be taken against droplet infection as in pneu 
monia and the possibility of infection occurring experimentally through 
the mucous membranes of the eye and nose should be borne in mind 
Pickettsiae may be blown into the airm the form of dust from dried louse 
excreta and infection occur through inhalation especially in handling louse 
infected clothing Fumigation and insecticides as lethane do not destroy 
iickettsiae 
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public \ehzcles particularly ol cabs at the railway stations the sanitary 
insfcction of restaurants and cafes and the establishment oi regular 
hours of closing during the daj for cleaning and disinfection and the 
methods to be employed for sudi disinfection, regulations for hospitals in 
connection with the disinfestation of the wards bedding and linen and 
of the inmates and their clothing the establishment of free dispensaries 
m various cities, not only for the treatment of the sick but for the earH 
detection of individuals uffenng with infectious disease, a campaign of 
education with printing and distribution of circulars regarding the nature 
of the disease the manner of ns spread and the precautions to be taken 
to avoid infection The details of such work obviously cannot be dis 
cussed m a textbook 

Personal prophvla.-ris consists e penally of the destruction of body bee, 
or preventing their access to the person Those attending cases should 
wear gowns closely fitted at neck and wriits and rubber gloves Better 
than a gown are nmonalls with stocking extremities to go under or 
over the shoes The typbus case should be deloused with the greatest 
thoroughness and hia clothing sterilized 

For nddinp the body of lice the following steps are essential 

I The hair of the body and head should be clipped 

3 The subject 'hould be bathed there being used freely Veroscre 
emulsion soap prepared by boibng x part of soap m 4 parts of water and 
then adding 3 parts of kerosene oil The resultant jelly when mixed with 
4 parts of water makes a liquid soap that is convenient to use and which 
mav be applied effeciiveW 

3 Following the bath the body may be anointed with kerosene, 
special care being devoted to the hairv parts Skin irntation ma\ how 
ever, require early removal at the oil 

4 It has been found that lice on clothing removed from the body 
may remain abvt nine days and their eggs as long as forty days The 
clothing therefore should be disinfected by one of the following methods 

(o) Steam (6) boiling for five roioutev (e) 5 per cent compound cresol 
solution for 30 minutes (iff chemicals such as cyanide or chloropicnn 

5 In the absence of facilrties for carrvmg out the steps described or to 
prevent infestation subsequently dusting powders are sometimes used 
Of these the NCI pouder oontiiningcontmercial naphthalene g6gms 
creosote, cc and iodoform gros is the most widely known but 
Moore s powder — creosote 1 cc sulphur o 5 gm and talc zo gms — 
is less irritating and is said to be six times as effective It has also been 
recommended to wring out the underclothes in 5 per cent compound cresol 
solution then drying thoroughly or to impregnate them with substances 
such as the halogenatcd phenols A temperature of 55'’ to do^C for rs 
minutes is sufficient to kill bee and the bl mkets and woolen clothing may 
be treated in the tumbler of the Jaundry and thus made bee free 

Recent studies earned out fa\ the United Slates Atmv and reported 
in Circular 56 Office of the Surgeon General November 1942, indicate 
that the best delousing of clothing and equipment can be obtained by the 
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use of QM issue methyl bromide either m portable and demountable 
forced air circulation gas chambers made of plywood or m special 
QM issue bags made imper\ious bj impregnation with eth>l cellulose 
Clothing and equipment are not mjured by this method The fumigant 
methyl bromide is slightlj more toxic than carbon tetrachloride but when 
used in the prescribed manner it can be safel} handled and gas masks 
are not required bj the personnel mvolved Tlie gas has great powers of 
penetration and when the proper dosage is used it will in 30 minutes 
destroy all insects or insect eggs e\en if the> are on clothing m the center 
of a filled barracks bag Clothing fumigated in this way can be safelj 
reissued to the owners within one hour or b> the time the concurrent 
bod} delousing and bathing procedures have been finished 

The appro\ed QM issue insecticidal powder may be dusted into 
the seams of clothing e\ery 7 to 10 <la>s not onlj as a delousing measure 
but as a prophv lactic against infestation The delousing of the body sur 
face IS earned out b} barbenng and b) the local application of insecticides 
followed by careful bathing and the combing out of an} retained nits 
The application of insecticides should be done 15 minutes prior to bathing 
by wetting the hair and skm with the following lotion 

Per Cent 

Pyrethnna 0 aj 

IN 930 a 0 

Caator oil a e 

Iaoprop>l alcohol 81 e 

Water q a ad o c 

Another satisfactor) method of destro>ing head or crab lice is to 
apply to the hair and skm areas involved one of the following insecticides 
24 to 48 hours prior to delousing ot clothing and bathing 

Letbane ^$4 special >0 per cent in tnineral oil 
Lauryl thiocyanate a$ percent m mineral oil 
QM issue insecticidal po vder 

Apply 8 c c of either of the above hquids to the hair and skin areas 
involved or dust heavil} with the insectiadal powder and rub in 
Dimethyl phthalate both as a repellent and insecticide has been found to 
be especiall} effective while DDT (or Gesarol) is said to be most effec 
tive m the destruction of lice and their ova Underwear impregnated 
with I per cent emulsion remains louse free for a number of weeks and 
often after several washings (see p 1747) 

In the absence of these special preparations the hair should be shav ed 
or close clipped Vinegar or 15 per cent acetic acid may be rubbed into 
the hair} surfaces to loosen eggs followed by vigorous shampoo with hot 
soapy water containing 25 per cent kerosene and removal of any remaining 
nits b} combing with a fine tomb 

Precautions should be taken gainst droplet infection as in pneu 
raonia and the possibilit} of infection occurring experimentally through 
the raucous membranes of the eye and nose should be borne m mind 
Pickettsiae ma} be blown into the air m the form of dust from dried louse 
excreta and infection occur through inhalation especially m handling louse 
infected clothing Fumigation and insecticides as lethane do not destro} 
rickettsiae 
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Jl}'poderm!c needles used on tophus patients should be immediately 
carefully sterilized and any wot^s about typhus patients should be 
carefully cauterized 

Protective Inoculation — ^The fidd of protective inoculation against 
ivphus IS still m the eTpenmenlal stage The following methods have 
been particularly proposed Fiisl the inoculation of defibnnated typhus 
blood heated to 6o C for one hour Inoculations of this nature were 
made in ^e Turkish Army in 1915 but the results were not convincing 
Thev were repeated on German troops in 19x6 with negative results 
Later Nicdlle suggested active immunization bv the mycction of small 
amounts of virulent typhus blood or typhus guinea pig serum Such a 
method was not without danger and has been discontinued BUm. has 
especially advocated and used a living attenuated vaccine made by sub 
milling to the action of qt gall the organs of guinea pigs infected with 
munne typhus Blanca vaccine has been used very extensively and 
Gaud reports that more than a inillton people have been vaccinated in 
Morocco and that It has given excellent results In Chile however the 
results appear to have been te s satisfactory where among 800 vaccinated 
aj per tent were said to have showed a picture of grave tvphu and 5 died 
The virus was isolated by animal inoculation from the blood of patients 
with vaccinial typhus by Palacios I.aurers Port and Bernier (1939) 
have reported failures m military practice from the use of this vaccine 
(munne bving tvphus vitus) which they attribute to the impossibility of 
kreping the virulence of the vaccine constant and to its rapid loss of 
efficacy Laigret has aUo employed an attenuated living murine virus 
by drying the infected brain tissues It is reported that ov er 5 000 per 
sons have been vaccinated with this munne vaccine and that there were 
no serious accidents However Laigret (1937) teports that 5 ca es showed 
svmptoms oi murine typhus from 10 to 16 days after vaccinations He 
reports hoivever that authentic cases of typhus in those vaccinated have 
SI far not only been very tare but have never been fatal 

7itisscr (rgaol pointed out that immunization with living virus as 
recommended bv liigtei and Blanc is inadvisable owing to the dangers 
on the one band to the individual vaccinated and on the other to the 
community with the pcssil ihty ol bringing about an epidemic 

Killed Virus — Speover and I arker (1923) fir t demonstrated that 
immunity might be obtained in Rocky Ilfountain spotted fever by the 
use of the killed virus Their prophylactic was prepared with suspensions 
of the viscera of infected ticks ground m a mortar and killed with o 5 per 
cent phenol A single tick sometimes contained as much as 1000 infec 
tious doses With this vaccine guinea pigs and monkeys can be { rotecled 
against subsequent infection (See Rocky Mountain spotted fever 
P 9(®) 

Vieigl conceived the idea of preparing a proptvy lactic against the 
epidemic typhus virus by infecting hce with the rickettsiae through the 
rectum The lice so injected died between the 9th and ijth davs when 
the cells lining the intestinal tract were found filled with rickettsiae 
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The propbykctic was then ma^e from carboiized suspensions of the 
infected intestines of the hce The preparation of the vaccine is laborious 
and the inoculated lice must be fed for o\ er a week, on immune indi\ iduah 
before they yield an adequate harvest <j{ iicLettsiae The immuaizatwa 
of a single individual may require material obtained from 50 to too hce 
For this reason the method cannot be employed for proph>lans on a 
large scale Weigl s statistics m Poland on its use are not convincing 
Ho-sve\er, Rutten (1936) has employed the louse vaceme in protection of 
missionaries m Central China and believes that they have diminished 
morbidity and ehnunated mortaltty and have rendered the cases la which 
typhus subsequently occurred milder and of shorter duration 

Zins tr and his a sociatw first prepared a proph)Jactic bj sn)ecting nvufine sifas 
intrapentoneally into rats that had prfviousl\ been irradated Hith x lays By this 
manner tone suspensions of richeUsiae could be obtained from the peritoneal cavities 
and when such suspemons were}orni}ini2ed }t » thai gujsra pigs could be com 

piettlj protected by them Casco {«03*) inoculated ii Voiunieers v ilh this prophy 
lactic and subsequcntls inocutated them with infectious material Only 3 of the tr 
developed typical typhus as did »of the j non vaccinated controls Other resuUs of 
value have been reported itom hJetieo 

Since the murine vaccine however peweefs onJy parfialJi against the cJarsica! epi 
detnte Ctitopean infection it i not possible to prepare a satisfactory prophylactic for 
epidemic typhus in rats Tor this reason Zinsser made efforts to obtain cultivations of 
^icilcKiia ^roua <kt in large amounts This he has been able to do hy hi so called 
agat tissue culture method This method developed in coBjuoction with. Fitapatnck 
and ei (1939) depends on furtinhinga bacL log of isotonic a^az partially buffered and 
adjusted by the add tion of Ty rode $ solution and serum either of horse or beef or of 
any other speaes appropriate for the n orL at hand hen hvmg bits of infected tissue 
ace laid upon this agar diffusion mlo the medium supplies conditions for the removatof 
metabolic products and for the supply of necessary maltiials for the ma ntenanre of 
the cells Zinsser (rpjo) reported that this vaccine was being employed in Phina in 
Meticn and in South America and nas also being studied in Morocco 

Cox (cgjS) has a o prepared a prophylactic by Inoculation of fertile hens eggs and 
injecting the irus directly into the y oft sac the virus being subsequently killed tvith 
phenol and formalin Thaa method has proved to be most sstisfaciory lor ihe culti 
vation of nckeitsiae in large amounts 

The method finally cmplov cd by Zinsser Mota and T nders to secure large nonbtrs 
of rickettsiae consisted in a combination of the agar rnelhod — using considerably 
enlarged *u faces for cultivation — and (he egg technique as a source of inoculum 
Spec fically the minced embryov c tissue or macerated yolk sac taken from eggs on the 
fourth day foUov mg infection is used to inocula e large quant ties of normal minced 
chj k tissue from lO-day embryos The ti sue thus infected i» d sfrjhutcd in large 
amounts on the agar sutfaces of mod lied KoHe flasks After 6 or y day s incubation at 
37 C cultures ery nch m ricketcs ae are obtained Thev emphasiae the fact that 
considerable quantitie of tissue may be empliq ed Transplants can then be made by 
using the culture nckett lae or nc coltores inaugurated with inatenal from infected 
eggs None of these vaccines have been Ined snfl'cientlji in an epidem cof typhus lever 

However the annual report of the luleniational Itesttt Division of The Rockefeller 
Foundatioa reports that five physicians that bad received inoculations psrbrularfy 
of the yolk sac vaccine all later tontracted the disease although the infections were 
mvid Fifteen cases of laboratory jnfectwa after protective inoculation > jih ^ eig! s 
vaccine have occurred at the Germats Ifibtacy Tnstitutc Craco v further improve 
ments in the preparation and coBcentratron the Cox typhus vaccine made espeevaUy 
at the Nations) losUiule under Dr DjerandbyCragie Plola and others can not now 
be discussed for military reasons Oreular 56 Office of the Surgeon Oenera? United 
StatesArmy November 1941 with reference to vactmation states A vaccine prepared 
with killed nckeltsue has been provided At present this vaccine is adnunisteeed by 
giving 3 injections of r c c each subcutaneously at approximately weekly intervals 
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A stimulating dose of 1 c c sliould be admim tered every 4 to 6 months as long as 
senous danger of infecti n exists Additional injections may be given whenever in 
the opinion of the Surgeon this is deemed advisable 

A German rep rt bj Ding (1945) states that gr nps of persons (pri oners ot other 
individual not statedl Mere inoculated tho eo other of sic vaccines ( ) louse gut 
vacane (We gll ( ) C t lacc ne made at Koch Institute Berlin (jl and (4) weaker 
preparat ons of egg jo)k vaccine made at Marburg and containin murine as well as 
epdenc rickettsiae (s) rabbit lun^ vacane made m Pars (G oud) (6) dog lung 
vaccine from Rumania (Combiescu) There eealsot ocontrol groups who received 
0 va erne All groups v ere th n inoculated ith tjphus nckett lae six to e ght weeks 
after they had been vaCC ated Theweake eg vacane were saii to be less effective 
than the othe s but e sentiallj there was no difference between the esults obtained 
withthelouse egg and rabbit tungvaccines andtlierewasnoe denee that vacanition 
had a > influence in prev entmg the infection No deaths occu red m those that h d 
been vaccinated except those with the Marburg vacc ne but the fatality rates m the tw 0 
control groups were 33 and jo per cent The nc dence of the disease was unaffected 
1\ the vaccinat ns but ts ever ty as much reduced The amount of ckettsiae 
introduced for the test rnust ha e b n la ge s ace the incubation pet ds 111 many 
cases were only a-3 days m the control cases and not much longer m those which had 
been aceinated 

Endemic Typhus (Mume Typhus), Bnll s Disease 
Munne typhus is widely distnbuted throughout many parts of the 
world It has been shown recently to exist in the United States Chile 
and Peru S>ria Greece Afnca Manchuna Mala>a China Indo 
China and probably the Philippine Islands 

Bnll a Disease —The di tincUon between an endemic form of typhus m the United 
States and the epidemic European typhu was ffrst pointed out by Bull ( 898) He 
recog used m New York the pre ence of an acute infectious febrile disease of unknown 
origin which resembled typhoid but gave a ne ative Widal reaction There \ as intense 
prostration and an e tens ve erythematous macuto papular eruption After about 
weeks the fever abruptly ceased often by crisis HelaUrftoto- } demonstrated th 
s milarity of this endemic infection to typhus fever but sho ved that it was milder in 
character For many years the condition in the United States has been known as Bnll s 
di ease Br U noted that the epidemiology of this disease differed considerably from 
that of epidemics of typhus The cases occurred sporadically without traceable 
connection with one another and no localized outbreaks occurred Also their seasonal 
distribution differed from that of typbuj These factors led him to the idea that some 
other vector than the louse might be concerned m transmission Anderson and Gold 
betgef ( 91 ) subsequently pro ed e penmentaliy that Brill s disease is actually a 
form of tyrphus fever The discoveries by Maxey of endemic typhus in the southern 
states to be presently referred to also further eluadated our knowledge of Br 11 s 
disease 

Zinsser has stud ed detailed records of 538 cases of Brill $ disease observed in New 
korkandtostonbetween 9 oandipjg Ofthese approximately 95 per tent occu ed 
in f reign bo n individuals who in grated from Russ a Ninety se en per cent of all 
the cases from ig o to igjo were in Jews Over 80 per cent came from Russ a alone 
He bel eves that the cases of Brills disease rep esent recrudescences of infect ons 
acquired at home In most instances cases of Brills d sease correspond epidemi 
ologically with th se of endemic typhus in the southero states 

Endemic Typhus m the United States — ^The discovery of endemic 
murine typhus in the United States has been especially due to the epi 
demiological work of Maxc) (1926), in the southern United States Like 
Bnll in New \ork he was unable to cTjdain satisfactorily the nature of 
the disease and its spread and its seasonal incidence on the assumption 
that the louse was the vector The large number of cases which occurred 
among persons handhng food stuffs mchned him to the behef that rats and 
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mice might be the re ervotr and tliat the disease was transmitted to man 
bj fleas, mites or ticks 

Dyer, Rumretch and Badger (1931) and otlier workers of the United 
States Public HeaUh Service next demonstrated the presence of the 
virus in rat fleas taken from rats caught m Baltimore Mooser, Ca^tenada 
and Zinsser then found the virus of tabudiUo in the brain of Mexican 
rats andDjer Rumreich and Badger (1931} demonstrated expenmentalh 
the flea as a lector In a short time the distribution of typbus virus in 
rats was demonstrated in many countries as a widespread infection 
This munne tjpe has been espeoafly found wherf opportunities for louse 



transmission are not great but it has abo been found in center^ where 
epidemic typhus also exis’s as m Mo cow Leningrad and Istanbul 
Bniis disease has also been reported 10 Palestine m tazj there were 
85 cases with but one death This mdd form of t>phus has also been 
encountered in Australia and in I»orib and South Africa Zinsier and 
several other investigators have shown that munne tvphus maj also pass 
from man to man b> thelouse,aswcUasbv the tropical rat flea (\etiops\Ua 
cheopis) The extension of endemic typhus m the southern United ‘States 
isdueparticularl) lothi ni}gratitmsoftl’ebrownral/’a//Kf« mgteusand 
of the tropical rat flea 

cnotOGV 

The Virus — The close relationship between the viruses of classical 
epidemic Ijphus {Rtckel'sia pro— efcj) and of those of the endemc 
munne tjphus (R meoteu or R prma eit var tnoosen) is seen in the 
agglutinins of the Mul Felix ruictioa of steams 0\i9 and 0\i of £ 
pro'eus but not against strain O^K in each t>pe of infection Consider 
able but incomplete cross zinmunit> essts between these infections 
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They moreover may be distinguished by the fact that the munne endemic 
virus m male guinea pigs induces fever accompanied by a characteristic 
reaction in the tunica vaginalis with nch production of nckettsiae (the 
Neil Mooser reaction) With the virus of classical epidemic typhus 
these ammals usually suffer only a shght nse of temperature or the infec 
tion may remain inapparent and the scrotal reaction is absent unless 
the resistance of the ammals is artificially lowered as by a vitamin 
deficient diet Also in rats the munne endemic virus produces fever 
sometimes scrotal reactions and after resistance is lowered by irradiations 
with Xrays rich pentoneal accumulations of nckettsiae occur On 
the other hand the classical epidemic typhus \ irus gives rise in rats onlv 
to inapparent infections or rarely short fever during which the virus 
multiphes without causing symptoms and then dies out Rich accumula 
tions of nckettsiae are not obtained m irradiated rats 

Transmission — The virus of endemic typhus is kept alive in nature 
in rats and is transmitted from rat to rat and from rat to man by rat 
fleas \enops}U(i aslia a.Ti<i X (Mooser and Dyer 1931) It thus 

IS similar to plague in its epidemiology The rat louse [Polyplax sptnu 
hsus) as well as the flea transinitts the disease from rat to rat (Mooser 
Castenada and Zinsser 1931) but the rat louse does not bite man Fos 
sibly the tropical rat imte Ltponyssus bacolt may also transmit the mfec 
tion m rodents (Dore and Shelmire 1931) Infection in man is probably 
introduced by scratching or rubbing the faeces of the flea into the skin but 
not directly by the bite The nckettsiae multiply greatly in the flea 
so that after about a month one flea may contain enough organisms to 
infect a very large number of guinea pigs In other instances the number 
of nckettsia m the flea may be in companson with those m the 
louse 

Rickettsial infections of lice including Pediculus humantts and Polyplax 
sptnulosiis the rat louse which is an important transmitting agent from 
rat to rat are regularly fatal to the louse within 2 weeks whereas the rat 
flea Xetiopsylla cheopts apparently is not harmed by the infection and 
may remain alive and infectious for several months 

As noted the munne typhus vims produces a severer reaction when 
injected into the peritoneal cavity of rats and guinea pigs than does the 
classical epidemic European strain In the former the caudate in the 
tumca vaginalis contains many nckettsiae and the scrotal sac is consider 
ably swollen Wolbach (1940) states that this should be called the 
tunica reaction to distinguish it from the scrotal swelling occasioned by 
the inoculation of guinea pigs with Rocky ilountam spotted fever virus 
In Rocky hlountam spotted fever he regards the scrotal swelbng as due 
to thrombosis of the blood vessels ol the scrotal sac wall 

In addition to the transmission of the disease by arthropoda fleas 
and lice there is considerable evidence of the transmission of murine 
typhus to ammals by way of the ahmentary tract (Blanc 1937 \iolIe 
1938 Wolbach 1940) Dyer hasdemonstratcd that the faecesof infected 
fleas m the United States contain nckettsiae and Brumpt (1932) has 



95^ ENDEWC TVTHUS 

confirmed this m Europe NicoUe failed to transmit epidemic (classical) 
typhus to rats bj feeding infected lice on them, but Nicolle (1934) and 
Lechuiton (1938) found that the HicAtUsia of munne typhus is present 
in the urine of infected rats and they believe the virus maj be transmitted 
to man by the ingestion of food contaminated with rat urine One of the 
larger triatomata maj becomeinfectednithJJnic rtu when fed on infected 
rats The triatoma does not conve} the disease to other rats bj biting 
but rats may become infected when the> ingest such tnatomata The 
virus of munne typhus nia> persist for long periods in the brain of rats 
Zinsser has shown that the munne vims will survive indefinitely m mouse 
pas age whereas the European attenuates m these animals and rannot 
be carried bevond the third or fourth generation The munne tvpe is 
more virulent for rats than the Futopeau 

Sparrow andLumbroso also showed that munne virus was capable of 
infecting guinea pigs when instilled into the nose or placed on the con 
junctiv a Castenada (1939) also found that intra nasal instillation ol 
munne virus into ethenaed tats or mice produced a pncumoma charac 
tenred by considerable development of ncLettsiae 

EPJDEUIOIOO^ oy ENDFUlC TYIHUS 

Geographical Distnbuhon and Prevalence -^According to laboratory 
invesligitions the virus of the tjphus of Mevico (tabardillo), although 
producing an epidemic di ease which is fouse borne corresponds (0 the 
virus of the munne tjpe Elsewhere the irmnne tj^pe >$ endetmc mostly 
in warm climates where opportunities for louse transmisMon are not 
great It has been encountered m the southeastern Umled States South 
America Manchuria Malaya, Syria Greece Africa, China, Indo China, 
and the Philippines In the United States about 90 per cent of the 
reported cases have been m Alabama Georgia and Texas In Alabama 
an average of 60 to 80 ca^es have been recognized each year, with the 
disea e confined almost evcjusively to the southern and southeastern 
part of the state, in which regions heavy rat infestation has been encoun 
tered The disease still persists m these regions 342 cases being reported 
m 1938 Bowdoin and Boston (1940) have analjzed 4762 cases which 
have occurred in the stale of Georgia from 1952 to 1938 In this state 
the number of cases was seven times greater in the white race than m the 
negro race Nearly one half of the cases m the United States occur in 
Georgia Musser (1940) reports tig cases m the State of Louisiana and 
points out that the disease is increasing there 

Dyer (1941) has shown that there has been an almost continual 
increa'e jn the number of cases in the southern states since 1929 though 
there was a slight decrease in 1034 and 1035 following extensive rat proof 
mg campaigns in Georgia Alabama and Texas There was also a slight 
apparent recession of cases in 1938 followed by an increase in 1939 Fig 
2 i 6 which he has prepared bows the present distribution of the disease in 
the Umted States As late as 193a die northern limit of it m Alabama 
was about on the line with Montgomery Since that time cases have 
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con6rmecl thn m Europe NicoUe failed to transmit epidemic (classical) 
typhus to tats by feeding infected lice on them but NicoUe (1954) and 
Lechmton (igjS) found that the Rtckeltsta of murine tvphus is present 
m the unne of infected rats and thev believe the virus maj be transnutted 
to man by the ingestion of food contaminated with rat unne One of the 
larger tnatomata raaj become infected with Rtcketlsia when fed on infected 
rats The tnatoma does not convey the disease to other rats b} biting 
but rats ma> become infected when they ingest such ttiatomata The 
virus of rounne typhus may persist for long periods in the brain of rats 
Zinsser has shown that the munne vims will survive indefinitely in mouse 
passage whereas the European attenuates in the e arumals and cannot 
be earned beyond the third 01 fourth generation The murine type is 
more virulent for rats than the European 

Sparrow and Lumbroso also showed that munne virus was capable of 
infecting guinea pigs when instilled into ihe nose, or placed on the con 
junctn a Castenada al a found that intra nasal instillation of 

munne v irus into etherized rats or rmce produced a pneumonia charac 
tenzed by considerable development of iwietisiae 

EPIOEMIOLOCV or IKDESUC TYTJWS 
Geographical Distribution and Prevalence — According to laboratory 
investigations the virus of the typhus of Mexico itabardillo) although 
producing an epidemic disease which is louse borne, corre'^ponds to the 
virus of the munne type Elsewhere the rounne type is endemic mostly 
to warm climates where opportucuties for louse transmission are not 
great It has been encountered in the southeastern United States South 
\menca, Manchuria, Malaya Syria Greece Africa, China, Indo-Chma, 
and the Philippines In the United States about qo per cent of the 
reported cases have been m Alabama Georgia and Texas In Alabama 
an average of 60 to 80 cases have been recognized each year with the 
disease confined almost exclusively to the southern and southeastern 
part of the tate, in which regions heavy rat infestation has been cncoun 
tered The disease stiU persists m these regions 342 cases being reported 
in 1938 Bowdoin and Boston (1940) have analyzed 4762 cases which 
have occurred in the state of Georgia from 1932 to 1938 In this state 
the number of cases was seven limes greater m the white race than in the 
negro race Neatlv one half of the ca-es in the United States occur in 
Georgia Musser (1940) reports zig cases in the State of Louisiana and 
points out that the disease k increasing there 

Dver (1941) has shown that there has been an almost continual 
increase in the number of cases in the southern states since 1929 though 
there was a sbght decrease in 1934 and 1935 following extensiv e rat proof 
ing campaigns m Georgia Alabama and 'lexas There was also a shght 
apparent recession of cases m jotS followed by an increase in 1939 Fig 
j6 which he has prepared shows the present distribution ol ihe disease in 
the United States As late as 193*, the northern limit of it in Alabama 
was about on the Ime with Sfontgomery Since that time cases have 
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appeared further north in that state and at present the known northern 
limit of typhus in this section has reached central renne's'^ee Melene) 
(1941) reports 75 cases m Na^viUe * *1116 factors which control the 
geographical spread of endemic t^’phus are not entirely dear though the 
common graj rat is regarded as the most important factor and the distn 
butzon of the rat flea Xt»t>psyUa cheo^tt, which is apparenllv the most 
effiatnt vector 1 likewise important D>er {1944) reports transmission 
to man most probablv occurs through the medium of the infected feces 
of rat fle\s 

The seasonal occurrence of the disease has remained constant, the 
majority of the cases occurring in the summer and fall The increased 
incidence of the disease in Alabama lias not been accompanied bv an 
increasing mortaUty The fatality rate there has varied greatly mth 
age being less than a per cent for persons less than 45 jears s to 7 per 
cent for the ages 41; to 64 years and approximately 30 per cent for persons 
more than <55 years 

Maxc> s investigations have shonn that the incidence of the disease 
IS twice as high m the mala as m the female that the negro appears to be 
very much less au ccptible than the white, but that the disease does not 
prevail in any vpecnl strata of socretj 

The manraum occurrence of the disease is in the summer and fall 
m direct contrast to the prevalence of epidemic European tjphus m the 
winter and spnrg months \Uo the cas«» faUlitj rate is low withasmal! 
proportion of deatns in the lower age groups 

Some confusion regarding the transmission of murine typhus in the 
United States was occasioned b> the fact that cases of Rocky Mountain 
spotted fever occurred at the same lime in the same slates the latter, 
however being a tick borne disease 

In regard to the virus of Brill s disease 2 m ser {1934), after a stud) 
of cases in Boston and New 1 i ork has come to regard Brili s disease as an 
imported form of the clas ical European typhus which has become estab 
h bed in America in endemic form and distinct from the endemic typhus 
of the oathern United States and from the tabardiUo of Mexico He 
reports that the viru-i of Brill > disea*!® behaves in laboratory infections 
of animals like the European type He believes that the cases repre‘»ent 
recrudescences of old infections onginiUv acquired in Europe and that 
such cases may serv e to maintain epidemic prevalence According to this 
view we must consider that m our eastern ^aporls and in the southern 
states there are •’ coexisting forms of endemic typhus one known as 
BriU's disease and the other as endemic munne tjphus In addition 
cases of Rock) Mountain spotted fever roav also be present Recent 
reports show that endemic munne typhus is inctea mg m the southern 
states while the existence of Bnll s disease is said to be steadily decreasing 
CUVICAt JEATURES 

The clinical course of erdemt ty^us is in general similar to that of the 
epidemic disease except that the symptoms are comparatively mild, 
complications are rare and the roortabty low In the United States 
according to Dyer (1941) the roottalitv is less than r per cent and most of 
D>cr (194-1) fwnls oit add twnat foa ha coc ttrttd in Cleveland an 1 Cm innili 
andin Ua^hincton D C 
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tlie deaths are lo patients over 50 years of age Gordon (1540) points out 
however that the physician OTth otdmary experience wiU not always 
find the distinction between endemic typhus and Rocky Mountain spotted 
fever simple The incubation penod is from 6 to 14 days m endemic 
typhus The fever generally lasts about a weeks and the temperature is 
usually normal by the j6th day 

Rumreich (1933) points out that the disease may cither begin abruptly 
either with a chill or chilliness with sbght fever or start gradually with 
irregular development of the symptoms the temperature rising progres 
stvcly day by day reaching roa to 10$ F in 3 to 6 day s and lasting about 
14 days to fall by rapid ly^is 

The rash the most characteristic hndiQg appears as in epidemic 
typhus about the fcfth day usually on the chest and abdomen and medial 
surface of the arms It may not extend further or it may spread and 
involve the whole body the feet palms and soles usually being excepted 

In character it consists of rose or dark red macules fading into the sur 
rounding areas The macules do not disappear on pressure Though 
similar to that of epidemic types it 1$ usually less extensive and petechiae 
are less common Extensive skin necrosea have not been reported 
The rash lasts from a to to days when it rapidly disappears 

The mental condition is much less altered than in epidemic European 
typhus and 2h« dehnum of the latter b almost wholly lacking 

The diagnosis and treatment of endemic typhus has already been 
discussed under epidemic typhus Since the disease is usually so much 
milder but little treatment u often required 

PREVENTIOV 

Since endemic typhus is similar to plague lo its epidemiology satis 
factory rat proofing is undoubtedly an important means of prevention 
Rat extermination campaigns through poison and trapping are also of 
value 

Bowdoin and Boston (1940) have reported that rat proofing was the 
only permanent method of control lu the state of Georgia Educational 
campaigns in rat control measures may be of \mlue 

Prophylactic isociiUtion !or epidemic typhus hat Already been considered P 9 Si 
Dyer (ign) has coDSidrird the use of * vaccine to toatre! endemic typhus but in his 
opm on tlua may be dismissed from coasderation since cases of endemic Ij'pbus in 
the tin ted States are relalively few id muBber and ibeir occurrence is sporadic To 
effect any demonstrable decrease in the nuraberot cases would tequ te vaccmali n on a 

scale tb t IS not warranted in the light of out lack of knowledge of the pieventi e value 
of our pteseuv vaennts Also » vamaatton program against endemc typhus could 
only be expected to prevent typhus ui the vaccinated ind vidual and would have no 
effect n reducing the exposure lo nf cIkhi of othee indi iduaU since an an mai other 
than man is the reserve t of the ustectioa 
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SPOTTED FEVER OF THE ROCKY MOUNTAINS 

Defuotios and Sykonvus 

Synonjrms — Rockv Mountain (ever Tick (ever of the Rocky 
Mountains Black fever Blue di<iease 

Definition — An acute specific infectious rickettsial disease ttans 
nutted by ticks It is charactctiicd clinically bv an onset with a chill 
and continuous modetately high (ever terminating in Ijsis, severe 
arthritic and muscular pnos and a profuse macular eruption on the skm 
later becoming petechial and appearing first on the ankles nrzsts and 
back but rapidly spreading to all parts of the body 

HtsToav AND Glocrawucal Djstribdtjon 

History — Ihe disease was first noted in the Snake River Valley of 
Idaho about 1893 and in the Bitter Root Valley of Montana about 1890 
There is some evidence that the disease may have etisted among the 
Indians prior to the advent of while settlers in the Bitter Poot Valley 
It IS interesting to note that the first white settlers of the Bitter Root 
Valley suSered from what was considered a very fatal form of black 
measles 

The disease w as observed by Dr M W Wood li S A in 1806 and 
bv Maxcv in 1899 For raanv years it was supposed to be confined to 
the northwest mountainous regions of the United States especially 
Idaho and Montana, with occasional cases in Wyoming Utah Nevada 
and California However in 19^0 in connection with the study of 
endemic typhus m the United States the Public Health Service eslab 
hshed thi fact of its esivtence in the Allegheny region and it has now been 
reported from almost all of the states 

In 1901 Wilson and Chownmg reported that the di ease was trans 
mitted to man by th« bite of the tick {Demtactntor andtrsont) At that 
time they thought the infection was due to a piriplasma Later Ashburn 
and others while accepting the tick transmission failed to corroborate 
the piroplasm as the etiological factor 

It is chiefly to Ricketts that -we owe much of our detailed knowledge 
of the transmission and epidemiologv of the disease The work of McChn 
tic and Fuck along lines of pcojdiylaxis has given us practical measures 
for Its control and Ricketts Wolbadi and F nek have also made valuable 
observations regarding the etiology of the disease 
96a 
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Geograpiucal Disteibution — ^Pnoi to 1930 the disease was beUesed 
to be confined definitely to states west of the Mississippi River Since 
that date Spencer and MaTc> (1930) and Carey and Duncan (1938) have 
shown that its geographical limits ha\e been greatly extended in thj 
central and eastern states The more recently discovered form of Rocky 
Mountain spotted fever has become known as the eastern type of 
the disease and of the eastern states Maryland Virginia and North 
Carolina have shown the greatest number of cases In 1937 31 states 
reported cases of Rocky Mountain spotted fever several of which were 
contracted in Massachusetts Of 190 cases reported for the entire 
countrj from 1933 to 1937 65 5 per cent occurred in the mountain and 
Pacific states and 7 4 per cent were m the south Atlantic states These 
two areas combined accounted for 93 per cent of the total reported cases 
for the entire country In 1938 the Public Health Service reported a 
total of 378 cases though it was stated that these figures were preliminary 
and 1 incomplete Hampton and Eubank (1938) point out that the 
number of cases of spotted fever in the eastern states has gradually 
increased 

FhUip in August iqjo rtpvrled that cases had occurred m all states with the 
except on of Kansas \\i consie MKhi an Connecticut Rhodelslaad New Hampshire 
\ermont and Maine 

It IS now believed that the cxanthematic fever of Sjo Paulo Srazil and fievie 
boutonneuse Marse lies as well as the tick bite fevers of Africa are closely related 
diseases and that the c usatiie agent of each is closely related to the other and that 
all may be included m the spotted fe er group of (be genus Atoleriiio 

Lui Patino Camargo (1941) has repo ted a new Amencan focus of Rocky Moun 
tarn Spotted Fever in the interior of Colombia South America The first cases being 
identified during an ep dem c in the Magdalena river has n amo g a rural population 
along the Tobia riser There were 65 cases of Spotted Feset with 62 deaths during 
<934 1936 Three strains of virus were isolated and experiments were being per 
formed to see if a cross immunity cusls between the Colombian strains and the Montana 
Rocky Mount in Sp tted Fe er strain 

Etioiogv and Epioeuiolocv 

Etiology — The disease is due to a species of Rickettsia R nckeUsi 
Rickets noted certain chromatin staining bacteria in man and in eggs 
of infected ticks which were about ifi long by 0311 broad and showed 
chromatin staining resembling somewhat B tnfiutn at They appeared 
as two lanceolate shaped bodies These bodies are now recognized as 
belonging to the group of organisms known as the Rtckellsta Wolbach 
who studied the disease m 1919-20 named the organism of spotted fever 
of the Rocky Alountains Dermacenlroxtnus rukeltsi It is now classified 
b> most authorities in the Genus RtekeUna 

Rtckellsta rickeUtt like other ocgaiusms of the genus is minute bac 
terium hke and does not stain well with aqueous solutions of ordinary 
bacterial stains Giemsa s stam is best for its demonstration In man 
and susceptible ammals it has been found constantly in the lesions of the 
disease In the tick which transmits it it undergoes a definite morpho 
logical sequence It has not been cultivated on artificial media but only 
in tissue cultures These cultures remam virulent for laboratory animals 
for long periods Tissue cultures of the organisms of Rocky Mountain 
spotted fever and typhus have been studied by Pinkerton who finds 
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that both la cultures and in the tick Dermacentroxenus nckellsi invades 
and multiplies withm the nuclei ot ceDs while Rtckxllsta froyia eh grows 
only m the cytoplasm of the cells 'Hie orgamsm is transmitted m the 
tjck from generation to generation, and hence the maintenance of the 
disease may be independent oJ human or animal passage The virus 
IS extremely susceptible to i^ysicai and chemical agents although it 
may survive in a froaen and dessicated state for a considerable period 
Animal Susceptibihly —The disease may be transmitted to jtnonkc>s 
rabbits and guinea pigs White cats and mice are said not to be sus- 
ceptible Infected ticks have been taken from rodents in the Bitter 
Root Mountains and from the Rockj Mountain goat 

Ricketts reported that a reservoir of the virus was to be tound in ground squirtth 
chipmunks and mountain rats and that ticks feeding on these rodents might become 
infected and transmit the disease to aiaa 
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The Virus can be propagated indefinitely in guinea pigs without loss 
of virulence b) weekly inoculations into another animal 

Transmissiori — Transmission of the disease in the western If S is by 
the tick iJeriHacenlor andersom the common wood tick of that region 
As the virus is transmitted to the egg the infection can be kept up in the 
tick Without another reserv oir of virus Hovvever, numerous animals of 
this area are susceptible and undoubtedly play a part iti the transmission 
of the disease to man althou^ none have been found naturally infected 
Unlike epidemic typhus man has no idle m the transmission of this disease 
In the eastern states D ranabilis is the natural vector It is the common 
dog tick of that region Onl> adulttickscomraonlyattackgrownpersons 

while the larvae and nymphs infest small mammals part!cularj> rodents 
Epidemiology — ^The usual and perhaps only method of transmission 
m nature is through the bite of die tick Ammals cannot be infected by 
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contact and no instances of contact transmission from man to man have 
been reported The disease is usual]> one of rural communities and 
generallj onlj one case is found m a house which also indicates the 
improbability of contact infection as well as the transmission of the 
disease by bedbugs and lice 

It IS at the time when ticks are most abundant that the disease is 
most common and the seasonal jnadence of spotted fever corresponds 
to the tick seasons of the locality concerned Thus in the northwestern 
regions of the United States the tick {Dermacenlor andersoni) is most 
prevalent from the middle of March to the middle of June and in that 
region the majonty of the cases of spotted fever occur in April May and 
June with occasional cases in March and July and September In the 
eastern states the tick Dermacenlor tanabdis (the dog tick) appears in 
March and December most of the cases occurring in June July and 
August The greatest number of cases occurs m persons engaged in 
outdoor occupations which take them into tick infected areas as adult 
males In the eastern states infection of women and children is more 
common perhaps because of dogs bnngmg ticks into the house 

Amtlvomma am r can im has b««a found nalurtUy infected and the iismeture 
stages also attack man Potenual agenu are Dermo<enlcr p ctdenlol s the Pacifie 
Coasttck ^m&fvoiNMis neust Texas and Florida ztii Rhtfutphahn s ngxinei 1 
the brown dog tick which 1 found along the Cult coast and Derm icrnt r po »» apartiii 
ccuirmg on rabbits in the southern Rocky hfountain reg on end along the Pac £e 
Coa t Now the e is a tendency to disregard separat on nto the Easte n a d Western 
types accord ng to v nilence (Topp ng 94 ) 

The age distr but on of western and eastern spotted fever shows some differences 
as in the east the higher percentage of cases occurs in the age group s to 9 years Also 
in the east the distribution is more even between the sexes The life in the east with 
vacation treks during summer tends to bring all ages and both sexes into areas where 
the dog tick IS prevaleot 

A few instances of infection have followed crushing of the ticks and removing them 
from dogs The virus is present in the blood of man during the entire febrile course of 
the duease 

PATBOtOCY 

The cadaver sometimes shows marked jaundice with petechial spots 
on extremities and trunk There is marked venous engorgement and 
the blood is very dark and fluid and clots slowl) 

The pathological histology is in many respects similar to that of typhus 
In the male there is frequently extensive haemorrhage and necrosis in the 
tissues of the scrotum and there may be necroses of the skin of the ears 
face fingers toes and vulva The spleen is usually several times the 
normal size It is firm and dark red Rickets noted especially enlarge 
ment of the lymph glands Wolbach has espeaally studied the histo 
logical pathological changes The distinctive features are those connected 
with, the distribution and character of the blood vessel lesions in the skin 
and sub cutaneous tissues and in muscles and in the testes and their 
appendages Haemorrhages into these tissues are almost constant 
The heart shows no peculiar change and the myocardium is usually 
normal Changes of the lungs ate not common though occasional 
broncho pneumonia may be present The gastro-mtestinal tract pan 
creas liver adrenal glands and kidneys show no gross changes The 
brain may show some injection of the blood vessels of the pia arachnoid 
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Wolbjch found microscopical lesions of the Wood vessels in the skin and 
sub cutaneous tissues taken from all parts of the body, m the testes in 
the skeletal muscles rarely in the Wood vessels of the th^Toid and gastro- 
intestinal tract The \ascular legion at first consisted of a proliferative 
reaction of the endothelium followed by necrosis with thrombus forma 
tion The nckettsiae art found in the endothelial cells and in smooth 
muscle cells of the blood vessel nails Perivascular accumulations of cells 
occur though thej are not so sinking as in typhus Small focal necroses 
may be present in the liver, as in other infectious diseases The spleen 
maj show extensive engorgement with blood and marked phagocytosis of 
red blood corpuscles There « almost complete depletion of Ivmphoid 
cells Wolbach did not observe lesions of the central sj stem in the western 

form of the disease either in man or in guinea pigs artificially infected 
However Iillie has reported focal brain lesions m 4 of the eastern cases 
which were fatal In a subsequent report (1941) he found such lesions 
throughout the bram in all cases fatal after the twelfth daj but onl> 
occasionally in the earlier fatal cases In addition to the lesions tesem 
bimg tho e found in epidemic typbu« there were artenola tbroinbo 
necroses with surrounding infarctions In the eastern cases, enlargement 
of the spleen is said to be less marked and the haemorrhagic lesions of the 
skin and serous membranes are less common thin m the cases of the 
western tjpe 

The pathology of Rocky Mountain spotted fever m animals such as 
guinea pigs rabbits and monke>s is similar to that ob erved in man 
SyurrouATOUiGv 

The period of incubation is from 3 to 7 da>$ when the disease sets in 
with considerable abruptness with more or less marked rigors headache 
malais^ and severe pains of the larger joints but without mfiammatory 
chanpes In milder cases the incubation period ma> be as long as it, days 
Howev et, in 3 experiments upon human beings m which the disease was 
transmitted by a tick the incubation penod was s and 9 days Some 
of the cases present a prodromal penod lasting a day or so with malaise 
and chilly sensations followed bv the symptoms noted above Hyper 
aesthesia and photophobia are apt to be present during the course of the 
disease 

The eruption fir t appears from the second to the fifth day as rose 
colored macules about the wnst and ankles thence spreading over the 
extremities and extending to the trunk and forehead The rash appears 
later on the palms of the hands and soles of the feet and scalp Some 
times it is present on the ev elids and the mucous membranes of the mouth 
and pharynx The macules tend to become petechial 

The pulse at first is not very rapid (qw-iro) and the fever rises steadily 
day by day from the irutial i02‘’P to reach a maximum of about tos ^ 
by the end of a week or so In very evere cases in the Bitter Root Valley, 
temperatures from io6-io7*F have been recorded The fever holds 
during the second week with 'light morning remi sions When recovery 
occurs the temperature usually^ begins to fall at about the end of the 
second week continuing by lysis so that normal temperature is reached at 
about the end of the third week In fatal cases the temperature may 
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drop to normal or sub normal only to nse shortly before death which 
usually takes pi ice between the sixth and twelfth dajs of the disease 
The pulse is at first full and strong but gradually loses volume and about 
the fifth da> becomes weaker and more rapid usually ranging from i lo to 
140 or even higher before death In milder cases however it may not 
erceed go The respirations are usually increased and frequently to 30 
or 40 a imnute or even higher before death The lungs are usually not 
ml olved but there may be a mild bronchial cough A tosaemic condition 
appears early A stuporous state is fairly common but in many cases 
the mind is clear throughout the course 

The spleen may he palpable early in the disease and quite firm not 
soft like the spleen of typhoid fever hadney involvement may show itself 
early as an albuminuria Constipation is rather a constant feature 



FiC J19 — G n« l led erupt n f potted lever o( the Rocky Mountnoa (Cou te y 
f D ct Pncfc ) 

Icterus and vomiting tend to come on later in severe cases Gangrene 
of the tonsils scrotum and prepuce are more common in reports of the 
milder type of the disease as seen m Idaho than in the more sev ere cases 
of Montana Necroses of the fingers toes vulva lobes of the ear and 
mucous membrane of the soft palate may occur in the third week 

Nervous Symptoms — In some localities restlessness and insomnia 
have been reported as common throughout the disease and constitute its 
most distressing features Hyperesthesia may be severe Delirium is 
frequent m severe cases during the height of the fever and coma usually 
precedes death by a few hours or a day Wolbach has found convulsions 
There is occasional muscular ngidity and opisthotonus Pneu 
moma which 13 rare is practically the only complication In uncom 
pheated cases there is a moderate Icucocytosis early in the disease falling 
to about IQ 000 ot II 000 after a few days Theie vs an increase vn the 




96g 


mcNoiis 


large mononuclears The eosioopkiks are decreased and may be entirely 
absent The red cells are often decreased in number as the disease 
progresses and may fall below 3 500 000 
Diagnosis 

The disease must be disUngtusbed cspeaally from cerebrospinal 
memngitis, t>phoid fever and measles, as well as from the other typhus 
like diseases Cerebrospinal meningitis generally shows more marked 
nervous symptoms and rigidity of the neck There is also a much higher 
leucocj tOiis m meningitis and the blood culture or spinal fluid examination 
should differentiate The macules of measles arc somewhat similar, but 
are more dusky ted and ate tn abundance on the fate, and Ivopbk s spots 
ate present Then, too the coryza of measles js absent 

iloie sudden onset, joint pains and negative Widal reaction diSeren 
tiate It from typhoid fever The differentiation of Rockj Mountain 
spotted fever may be made especially by the inoculation of the guinea 
pig The guinea pig while susceptible to both typhus and spotted fever 
IS mote easily infected with the latter and in typhus fever usually shows 
only a febnle reaction, while vn spotted fever there vs generally an enlarged 
spleen and scrotal swelling and necrosis Nevertheless the strains of 
spotted fever virus isolated from various parts of tie United States and 
South Amenca differ m the reaction which the> produce in the guinea pig 
Wolbach has found that tjpical nestern spotted fever virus regularly 
causes dr> necroses of the scrotum a cause of the seventy of the vascular 
lesions while eastern spotted fever only rarely produces conspicuous 
lesions of the scrotum Occasionallv it has produced inffltration of the 
tunica vaginalis similar to that of epidemic typhus Pinkerton has 
reported that a strain i olated by Reimann from a case in Minnesota and 
one by Monieiro in a case in Sao Paulo produced involvement of the tunica 
vaginalis in guinea pigs w ith considerable regularity The eastern strain 
of spotted fever of Rumreich is said to produce focal lesions in the brain 
of guinea pigs while typical western strains and the Minnesota strain did 
not These confusing factors with different strains arc not jet entirely 
explained They have suggested to some authors the occurrence of strains 
intermediate between typhus and spotted fever Wolbach believes 
however that the morphology and grouping of the intracellular parasites 
found m the scrotal sac is sufficient (or diagnosis in the hands of one who 
vs famvhat wvth epvdcmic ty^dvvis and spotted fever virus In tissue cul 
tutes, the organisms of spotted fever invade the nuclei of the cells while 
typhus nckettsiae invade only the ^toplasm Differentiation can also 
be made m laboratory amroals by cross immunity tests since neilhw 


disease confers immunity against the other 

The geographical distribution of the disease and the association of the 
tick bile maj also be of value in diagnosis In fievre boutonneuse and 
tsutsugamushi di'^ease there 1 a local lesion present while m the latter 
disease the virus m immunologically distmct itom either the Rocky 
■Mountain spotted fev er group or the ^hus group (see p 946) 

A DOSiUve specific Rickettsia «ompletn«it fixation test may be obtained and is 

usuaUy present about the lothdiyandnaypersistforyearsaftercaDvalesceiice Tb.s 
le r servM lodifferentiate the diseasefrom eitherepideinc or endemic tithus PIoU 
Reagan and V. ectman (loul have fouwl tlie test of particular value in separating it 
itom other (orms of tickettsial disease 
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Prognosis 

The mortality of the disease has vaned considerably in certain local 
ities For the whole United States it ha been given as about 23% 
It IS somewhat remarkable that the mortality in western Montana 
has been reported rather constantly as approximating 75-90 per cent 
and m Idaho not over 5 per cent More recent reports state that in 
western Montana it is about 15 per cent In the past few y ears there have 
been fewer cases in Idaho but the morlahty has increased to about 25 per 
cent In the eastern states from 1933 *93^ 465 cases occurred in the 

South. Atlantic states in which the mortality was 18 i per cent In the 
same period for 1230 cases in the mountain and Pacific states it was 19 4 
per cent (Hampton and Eubank 1938) The Pubbc Health Service has 
suggested that the mortality has been greatly reduced in recent years in 
some areas of the Rocky Mountain region by vacanation This howev er 
does not explaiti the diSerences m mortality in earlier years In Brazil 
the mortality of Sao Paulo disease has been in the neighborhood of 80 
per cent 

Where the nervous raaniieslations are marked the prognosis is more 
unfavorable Death tends to occur m the second w eek and patients b\ ing 
through this week have a good chance for recovery The death rate is 
greatest in old people and least in young children 

PbopRyeaxis and Trcatuent 

Prophylaxis — The genera) measures for the control of the disease in 
the Bitter Root Valley have been directed especially toward the reduction 
of numbers and the elimination of the distribution of ticks Some success 
has been obtained there in the destruction of the small mammals which 
act as hosts of the larvae and nymphs and also the dipping of cattle which 
are infested with adult nymphs Clearance and cultivation of the land 
in some areas has rendered the locabty comparatively safe against infec 
tion In most regions however where clearing and cultivation of the 
land cannot be carried out prevention of the disease by the control of 
tick carriers has not proved practicable 

Brumpt has suggested the introduction in the United States and 
acchmatization of hymenopterous insects which are parasitic 

upon and destructive to various genera of ticks So far at least some of 
the attempts have proved unsatisfactory 

Personal prophylaxis depends upon avoidance of tick bites If one 
has to visit tick infested regions protective clothing should be worn- 
high boots leggings puttees and heavy socks worn over trouser legs — 
should be employed as ticks will crawl up the outside of clothing Careful 
inspection should be made of the body daily and particularly the back 
of the neck as well as inside the clothmg Dermacetilor andersom usually 
requires a long time to become attached and feed on the human host — at 
least one or more hours — hence inspection of one s person for ticks after 
returmng from exposure and removing those found would tend to prevent 
infection 
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\Vhen these ticts attach themseUes to the wool of grazing sheep 
87 per cent seem to die possiW> from the effect of the fat in the wool 
Again such sheep can be dipped for further destruction of the ticks 

There is no satisfactory repellant which can be placed either on the 
clothing or on the body to pre-vent tick attachment 

Protective Inoculation.— Spencer and Parker (1935) have used a 
phenol formalized emulsion of ground up infected ticks (Dcrmaceit/ijr 
anderscni) against Rockj Mountain spotted fever The inoculation is 
said to produce as a rule only slight local symptoms although occasional!) 
there maj be headache some fever, and general malaise for 24 to 48 hours 
Rarely there may be an urticanal rash hut such cases usually dear up 
without senous consequences Parker has reported that onlj 64 out of 
15 000 vaccinated in an endemic area developed spotted fever Protection 
was complete against the mild Idaho virus the morbidity falling among 
the highly exposed shepherds from 6 per cent m the unvacemated to 0 5 
per cent in the vaccinated while against the highly virulent Bitter Root 
Valley virus of Montana, protection was shown by a fall m fatality from 
82 pec cent among the unvaccinated to 6 6 per cent among the vaccinated 
Similar protection was given to laboratory workers handling the Bitter 
Root virus infection occurred m 22 cases, and of 7 not vaccinated all were 
fata! whereasamong IS vaccinated only I died Since 1940 the vaccine 
has been prepared from the chick embryo l>> the j oik sac method of Co^ 
For active immunization the National Institute of Health recommends 
either three i cc injections or two 2 cc injections given subcutaneously 
at 7 day intervals 

Montiero (1933) showed that with the South American tick Amil} 
amma cajennense a similar vaccine could be prepared effectiv e in guinea 
pigs against North American spotted fever and S5o Paulo tick typhus 
andCanet (1934) also produced a spotted fever vaccine using the European 
tick DertnactniOT reiiculalus 

Gordon (1940) points out that the protective value of tbi» prophylaxis 
is definite but the degree and duration of protection vanes with indi 
viduals and with the virulence of the infecting strain While children 
may be fully protected against the usual faUl form of spotted fever adults 
are only occasionally protected 

Parker (1941) has reported the results of 15 years of prophylactic 
vaccination and finds the vaccine has definite immunizing value The 


average vaccinated person maintains for somewhat less than a year an 
imrounitj 0/ su/Scient degree to afford profecfiOR against relatively mild 
strains Parker thinks immunisation each year is the only safe procedure 
Treatment — V hi'pcrimmune rabbit «emm has been elaborated by Topping and is 
reevorwended by him for treatment The stud «s of Topping and Pinkerton 
ti044l ^ sulfonamides are ineffectivt and possibly delnmenUlfrom espen 

ments performed on laboratoo attitua** Ltgeneral ttestfnentshouMbesjmptomatc 
Tusl as with typhus {e'«r the most important point in ihe care of the pit ent is good 
'^uisinR The room should be datlened and quiet tnamtained Cool sponging lo ers 
The temperature and is a ton c for the nervoiw disorders Vn ice cap is often of value 
f tbnheadache Thediet should be liqutdandwatershouldbcguen freel) onaccount 
iffndenev to renal If olvement Tliweaa tendency to heart failure solhattbe 
” ^ *K.-.fr.n«ition IS demanded and card acstifOttlaiitsind cated rurthcrindicat ons 
xT»ettmenr»« iven under the d«enptio« of typhus feier on p wS 
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Wolbach (19^7) suggests that on theoretical grounds the transfusion 
of blood from an immune donor should be tried when opportunit> occurs 
in the early stages of the disease 

Spotted Fevbr Group 

TICK TYPHUS TICR BITE FEVER FlEVRE BOUTONNEUSE 

The rickettsial diseases of man transmitted by the familj of ticks 
Ixodidae are now known to be of wide geographical distribution and 
include fievre houtonneuse (Marseilles fever) escarro nodulaire of the 
Mediterranean countries and tick bite fever of South Africa Ken>a 
India and South America There is evidence that these diseases are 
closelj related to one another and to the Rocky Mountain spotted fever 
of North America Fievre houtonneuse was first described by Connor 
and Bruch in 1910 in Tunis Subsequently difierent French and Italian 
observers reported the existence of a disease m the Mediterranean regions 
and in Marseilles and among other districts m southern France as well 
as in ltal> Fortugual Spam Greece and Rumania The disease was said 
to resemble the nuld t>phus reported by Brill and Maxcy in the United 
States but small black spots of linear appearance resembling insect bites 
were often repotted tache noir and there was no histoT> of bee infes 
tation It was stated however to be different from Bnll s disease by the 
fact that the Weil Felix reaction was generally negative but more recently 
positive reactions have been frequently reported Subsequently the 
infection was observed in Senegal and Sierra Leone (Gordon and Dabev 
1936) and in Pretoria South Africa by McNaught and by Pijper (1934) 
In India 101911 McKechnie described a mild sporadic form of typhus 
in the northwestern Frontier district and in 1916 Megaw himself suffered 
from an attack Cases have also been desenbed by Scott in Lucknow 
In 1932 Combresco reported an outbreak of 34 cases in Rumania 
Tickborne typhus has also been reported by Holmes in \ustraha and by 
Montierro m Brazil and Patino Camargo and others in Colombia 

Transmission — FiJvre houtonneuse is transmitted by the common 
dog tick R/iipicep/ia/iir rangtftnrur (Durand Conseil and Brumpt 1930) 
Durand has shown that the dog constitutes the reservoir of the virus 
Dogs have been shown to be susceptible to inoculation and their blood 
has been proved to be infective both for man and monkeys 

A distinctive feature of fiivre houtonneuse is the appearance of the 
primary sore at the site of the infective tick bite It vanes in size from a 
pinhead to a pea and it is not usually painful Lymphangitis which 
becomes necrotic or gangrenous subsequently occurs The initial lesion 
is known as tache noir French investigators have hesitated to include 
fievre houtonneuse m the typhus group for the reason that the \\ eil 
Felix reaction \i9 was often negative The Neil Mooser reaction in 
guinea pigs was also reported as negative Caimnopctros (1932) how 
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ever reported m Greece that if an emulsion of infected ticks is injected 
into guinea pigs these animats react in the same manner as when an 
emulsion of infected fleas containing the virus of murme t>phus is used 
a scrotal reaction being observed 

In South Africa the disease closely resembles fievre boutonneuse and 
isconve>edb> lar\al ticks Amblyomma hebraeum RJiipicephalus appendt 
culalus, llaemapkysahs Uacht and Boophilus dtcoloralus The small 
ticks are not found in houses or on domestic animals but are encountered 
on the grass and attach themseUes to man or animals living m the \eld 
In this respect the transmission of the disease is somewhat sumlar to 
Rockj Mountain spotted fever 

Rickettsiae have been demonstrated in the infected ticks and an 
emulsion of these has produced the disease m man and animals In 
South Africa however, an agglutination for proteus strain has been 
reported, where two forms of this fc\er have been met with One is mild 
like the kcdani fe\cr of Japan with a local lesion at the point of infection 
with local lymphangitis There is practically no mortality In another 
form the fever lasts for 8 to ro days with a primary sore, severe headache, 
appearance of rash on the fifth day, stiffness of the neck and conjuncti 
vitis A definite Wed Felix reaction to all three sanations of Proteus 
\ has been reported No amtnal reservoir is jet known but Pijpet 
excludes dogs The immunologic data Zinsser reports are confusing 
Cases have been reported by Gear and Bevan in Johannesburg as well as 
in Kenj a Gear and Douthwaite regard the dog as the re er\ oir of mfec 
tion in Cape Colony 

Pijper and (fockec (1918) haie found m South Vries a sporadic typhus vims 
iramunologieally identical with « virus in tats that piotfcttd agsinil tick bite fever but 
not against epidemic Uphus In Braul nhere the so called Sao Paulo t>phus is 
present the rat is reported ^ Montierro as the reservoir of the virus and the disease 
is transmitted by Ambljomtia c<t)tnnenu This 1$ an etiremely virulent form of 
spotted fever Tialio reports that in this form the \\eil Teh* reaction is usually 
present but in la v dilution Dias (ipyS) states that the natural reservoir hosts of the 
Brazilian form are the opossum the domestic and uiMdog (Coris irasilitnsis) the wild 
rabbit ( 5 ifrrftf|i s *ni riuiil and the aeouti (Dury^reefa) \eclors ate several species 
of imihomma I coy nnense A s/no(in and t irojifienje Davis (1043) reports 
experimental transmission of the spotted fevers of Brazil Colombia and the United 
States by O fi dn 0 pariett and O ntcolUi The last is a Mexican speci s spotted 

fever hesays i rot known to occur in Mexico The spotted fever virus was found to 
pers St through four generations in O /arirri 

Pathology — Iifevre boutonneo c is distinguished by the occurrence 
of the local, granulomatous lesion which usually ulcerates It isaccom 
panied by adenitis of the regional Ijrmph nodes According to Bal 
tazard (1936) the nckettsiae multiply in this lesion in contrast to their 
behavior m Rocky Mountain spotted fever There is no published 
account of a postmortem examination on a human being The only 
histological descriptions are of the macuto-papular eruption by Olmer 
(1933) Matted swelling of the vascular endothelium is described 
accompanied by perivascular infiltration of leucocytes, regional Ijmpho 
cytes and monocytes Thromboses are not mentioned The purpunc 
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lesions were accompanied by extreme congestion and haemorrhages of the 
papiUarj and subpapiUary plexuses 

While climcally fievre bontonneuse like tsutsugamushi disease has a 
local lesion and adenopathj Hass and Pinkerton (1936) bebeve that it 
has generic relationship with the vims of Rocky Mountain spotted fever 
and Parker and Da\is {1933) and Dyer (1933) have shown that the Sao 
Paulo virus cross immunizes completely with that of Rocky Mountain 
spotted fever Plotz (1944) has found that Fievre Boutonneuse can be 
differentiated from Rocky Mountain spotted fever by means of comple 
ment fixation provided punfied ncLettsial antigens are used This test 
may be employed with convalescent guinea pig or human serum thus 
providing a convenient laboratory test for diagnosing Fievre Boutonneuse 
There is some cross fixation between this disease and Rocky Mountain 
spotted fever indicating they are antigenically related 

Q fever caused by Rieketti a i rneUt (A diaparica) has been referred to on page 
914 It occurs in Australia and cases have been reported m hloQtana It probably 
eiists in other western states since specific anubodies have been demonstrated is the 
blood of individuals living m Idaho Montana TVyoming Nebraska Nevada Ariaena 
and Washington state Cases reported in Washington D C (Dyer Topping and 
Bengston (940) were probably due to laboratory infection 

Transmtjsion — ^The disease in Australia is believ ed to be transmitted 
to man from the bandicoot a marsupial Isodon torosus or I macrurui 
by the tick Hatmaphysalu humerosa There >s evidence that cattle may 
also serve as a reservoir of the virus in Brisbane Derrick (1944) has 
summarized the Australian outbreak in which 176 cases were diagnosed in 
Queensland Nearly all of 1 9 patients who lived m Brisbane were 
associated with meat works most of the 47 other patients worked on dairy 
farms Ticks on cattle are probably the source of human infection It is 
suggested that inhalation of tick feces is the likely mode of entry of 
R burneli Davis (1943) reports experimental transmission of American 
Q fever by 0 vtoubala &n<i O hermst 

Chntcal Fealures — The incubation period m the Australian cases has 
been given as from 10 days to one month There is an acute onset with 
fever prostration andheadache accompanied by chills and sweats The 
acute stage may last from a few days to several weeks There is no leuko 
cytosis and no rash In the laboratory cases in Washington chest pains 
coughing and in some instances rales were present Some of the cases 
resembled those of atypical pneumonia of the form described by Longcope 
(1940) 

In a fatal human cast reported by Lilbe Pe c n and A mst ong ( 94 ) the gr ss 
patholog cal findings were pulm na y edema and congestion firm granular consolida 
tion of the upper lobe of the right lung poste 10 ly and a la ge soft spleen M cio 
scopically the les ons m the lung « etb seof an at>{HcaI pneumonia with much fibrin 
in the al eoli and bronchioles with a moderate niononu lea cell eaction instead of the 
pu ulent one seen in typical bacten 1 pn um nia In neither the human lungs nor ■ 
the lungs of infected monkeys was Aiciettiis demo st ated h stologically 

Diagnosts — In the second week complement fixation antibodies 
against R burnetU have been demonstrated in the blood serum The 
organisms had been isolated m gmnea pigs by the inoculation of blood 
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e\er reported m Greece that if aa emulsion of infected ticks is injected 
mto guinea pigs these ammah react m the same manner as when an 
emulsion of infected fleas contaimng the virus of munne tj-phus is used 
a scrotal reaction being observed 

In South Africa the disease closely resembles fievre boutonneuse and 
IS convejed b) lar\al \ic\js, AmUyommahdrettm RhipicephaUts apptnix 
Ilaen-ap} ytaUt Ua hi and Bx/apfitlns decoloraius The small 
ticks are not found in houses or on domestu. animals but are encountered 
on the grass and attach themseUes to man or animals living m the \eld 
In this respect the transmission of the disease ts somewhat similar to 
Rockj Mountain spotted feser 

Rickettsiae have been demonstrated la the infected ticks and an 
emul ion of these has produced the di ease m man and amtnals In 
South Africa however, an agglutination for proteus X strain has been 
reported, where two forms of this fever have been met with One is mild, 
like the kedani fever of Japan, with a local lesion at the point of infection 
with local lymphangitis There is ptaclically no mortality In another 
form the fever lasts for B to to days with a primarv sore, severe headache, 
appearance of rash on the fifth dav, stiffness of the neck and conjunct! 
vitis A definite Weil Fehs reaction to all three sanations of Proteus 
\ has been reported No animal reservoir is >et known but Iijpcr 
excludes dogs The immunologic data, Zms er reports, are confusing 
Cases hate been reported bj Gear and Bevan m Johannesburg, as well as 
in I enya Gear and Douthnaite regard the dog as thereserioirof infec 
tion in Cape Colon) 

liipet and Crocker U 91 S) hav* found in South \fnca a sporadic Isphus viius 
iinnunologicnlly identiral nith a v toaii rats Hat protected agairst lick bile fever but 
not against e(idetnic tjphus In Ktatd where the so called 5ao laulo tiphus is 
present the rat is reported bv iMoMierro as the res rvoir of the virus and Ihc disease 
IS trarsmilled b) f yntru This is an eatreniily Mrulent form of 

spotted fever Tialto teporli that in this form the Weit rdi* reaction is usually 
I resent but »n low dilution l>ias fipyS) slates that the natural reservoir hosts of the 
iira ilian form arc the opossum tbedoiresticanl nilddog (Camrfr s 'lert 1 ) themld 
rabbit (iihi/ujiii minciiJii) and the agouu tOuiy/lwfj) Vectors are sever*! si ccics 
of Imblvomiiiu 1 covciinrnse 4 jImoImw and t bruiibrnie Davjs reports 

experimental transn is ion of ch spotted fevers of Orazit Colombia and the United 
Stales by 0 riiiii O partm and O nicoff 1 The Usi is a Mexican species spotted 
fever he says is not known to occur in Mexico The spotted fevtr virus was found to 
fersist through four generaiionsin O faritn 

Pathology — Fifevre boutoDncusc is distinguished by the occurrence 
of the local granulomatous lesion which usuatlv ulcerates It isaccom 
partied by aderutis of the regional lymph nodes According to Bal 
tarard (1036), the nckettsiae multiply in this lesion in contrast to their 
behavior iti Rocky Mountam spotted fever There is no published 
account of a postmortem examination on a human being The only 
histological descriptions are of the maculo papular eruption by Olmer 
(1933I Marked swelling of the vascular endothelium is described 
accompanied bv pcnvasculat infiltration of leucocytes, regional lympho 
cytes and monocytes Thromboses are not mentioned The purpuric 
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Chapter XXVII 
TSUTSUGAMUSHI 

[Japanese Rtier Feter, AItte Typhus Scrub Typhus) 
Deiinition and Synonyms 

Synonyms — Flood fever Japanese n\cr fever Kedam mite disease 
Shimamushi 

Definition — An acute febrile disease caused by a species of RtcktUsia 
and transmitted to man b> the bite of the larval kedam mite of the region 
where the infection prevails The onset is characterized by headache and 
giddiness a rather rapidly rising temperature and swelling of the lyitv 
phatic glands draimng the region in which is situated a small necrotic 
ulcer marking the site of the bite With injected conjunctivae contin 
uous fever and hyperaesthesia the disease continues for about a week 
when a macular eruption appears about the face the chest extremities 
and trunk About lo days after the appearance of the eruption there is 
a fall of fever by lysis 

History and GEorRAPHiCAi. DistniBunoN 

History — ^Thete ate records which would indicate that the disease 
has been known for mote than looo years The first clinical report of the 
disease was published by Palm in 1878 and by Baelz and Kawakami in 
1879 who gave It the name of nver fever or flood fever since it was found 
to prevail along nvers especiaUy in conjunction with floods Haton 
igrr reported ^at it w as identical with the endemic exanthematic and 
bubonic diseases of Formosa 

Geographical Distnbution — It is m the western part of the island of 
Nippon when the banks of the Shinanogawa ate inundated each spring 
that the disease has been esjjeciallv encountered It formerly was sup 
posed to be confined to Japan although Ashburn and Craig (1908) 
thought an aSection observed by them in the Philippines was probably 
identical Later it was recognized that tsutsugamushi occurs in Formosa 
and probably in Korea Fletcher reported cases from a mihtary camp in 
the Malay Federated States and it is now believed that Mossman fever 
of Northern Queensland studied by Bretnl Priestly and Field (1914) 
may be a similar aSection cases have recently 1942 been reported from 
Cape York peninsula Australia Schuflner s pseudo typhus observed m 
Sumatra is also recognized as analogous clinically and etiologically 
More recently the disease has been reported in the Malay States by 
Dowden and by Fletcher and Field (19*7) and byLewthwaiteand Savoor 
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endothelial phagocytes of the tissues of the local lesion of lymph nodes and 
spleen The organisms were also observed in the blood plasma and in 
severe cases in the red blood cells He was able to transmit the infection 
to monkejs guinea pigs and rabbits and has classified the organism as 
Theilerta and named it TheiUna tsutsugaomskt It has since been shown 
that It should be classified in the Genus Rtckeitsta Sellards (1923) 
proposed the name of R mponua for it The presence of rickettsiae as 
the etiological factor has been confirmed by Ogata (1931) (R isiitsuga 
whsAj) and by Jvagajo ct al (7? ortetiialts) 

The virus is present in the blood of a case even in the incubation period 
and as little as 0 001 cc may transfer the infection to the monkey After 
the height of the fever has been passed it may require 0 i cc to infect 
Spleen emulsions bring about infection but the virus loses its potencj in 
about 6 hours after death A temperature of 55 C for 10 minutes kills 
the virus Nagayo found the organism in the eggs as w ell as in the bodies 
of mites but was unable to cultivate it on ordinarj bacteriological medium 
More recently It was studied in tissue culture (\oshida 1935) It also 
has been shown that the disease may be propagated serially m rabbits b> 
the injection of the virus into the testicle where the ncLettsiae are present 
invading the interstitial cells Nagayo has also transmitted the virus 
by mtra ocular inoculation of the guinea pig The rickettsiae develop 
within the corneal endothelial cells overlying Descemets membrane 
Transmission — The disease is not communicable natural!) from person 
to person and onl> follows the bite of certain larval mites In Japan 
Trombiaila akamitsht is common!) called the Kedani inite It is an 
orange red larval imte scarcely visible to the naked e)e about 400 by 
200ft The mites are very hairj and bve inside the ears of the field mice 
of the area of Japan m which the disease occurs The adult forms live 
la the soil of the endemic area They are about 1 mm long by o $ mm 
wide The hexapod larva usuall) attaches itself to the axillarv or groin 
regions and drops off after engorgement leaving an eschar from which 
ademtis develops The rickettsial infection which is transmitted by the 
larval bite is inhented from the parent — the larva not feeding a second 
time This mite la said only to be a source of danger m regions in which 
the disease occurs especially along inundated nver banks its bite not 
producing the disease elsewhere 

Epidenuolog) — In Japan and in Formosa the disease is most fre 
quentl) contracted during the summer Jul) and August and less so in 
June and September though occasional cases occur in other months It 
IS particularly during the harvesting of the hemp in the summer that 
individuals are liable to contract it when bitten by the mite 

The adult mites and n)mphs feed onlj on plants and hence are not 
parasitic and do not act as vectors Ha)asbi has shown that the field 
mouse (vole) Microtus montebellot may serve as the reservoir of the virus 
which is transmitted to man by the larval mite The mite is found in 
large numbers on the ears of the field mice which however do not appear 
to be suffering from an) infection 
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(1936) The mjte borne tjrphus ha$ also been reported from Sumatra 
under the title of scrub typhus, ’ and b> Chopra (1936) in India where 
It has been especially studied by Ghosh 

Lewthwaite and Sa\oor (1940) have found that cross protection tests 
between the organisms of Sumatran mite fever and the tsutsugamusbi of 
British Maiaya performed on rabbits and monkeys confirm the conclusion 
that they are identical diseases Kouwenaar also holds this v lew 

Fletcher has also shown that there are 2 forms of mild tropical tjphus 
in the Federated Malav States (i) known as the urban tvpe (\\ form) 
which occurs in the tow ns and spreads among the people who are handling 
gram while the other form known as «fH 5 typhus (K form) occurs in 
the countrj especially on plantations and has a close connection with the 
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clearing and pruning of palm trees It is the K form that is now regarded 
as caused by a variant of tsutsugamusbi virus Subsequently it was 
reported that these tw 0 diseases m Malaya could be separated serologically 
(Lewthwaite and Savoor, 1937) TheW form is now regarded as a form of 
endemic munne typhus 

The rural typhus of &IaU>a according to Lewthwaite and Savoor, 
is not accompanied by a primary sore although in all other features 
including serological and infection of animals it is identical with tsutsu 
gamushi both being transmitted by Trombieula (See page 983 ) Kou 
wenaar (1936) in the Sumatran mite fever found a primary ulcer dev eloped 
at the point of the bite 

Delbove (1938) has also described a similar disease to tsutsugamusbi 
in Cambodia and in Indo China 

Etiology and EpiDtsnOLOGV 

Etiology — The work of a number of Japanese investigators has 
demonstrated the rickettsial nature of the disease Hayashi (1920) 
reported as the cause a minute tod, nng shaped or spheroid body which 
when stained w ith Giemsa s stain is demonstrable in the lymphocytes and 
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mtradermal inoculation However on account of cross immunity tests 
and the ease of transmitting the disease both by intra ocular and intra 
dermal reactions into rabbits and monkeys they concluded that the name 
of rural typhus should be discarded in favor of tsutsugamushi No 
distinctive pathological lesions were described except petechial haemor 
rhages in the heart lungs abmentary tract and kidneys However they 
observed from histological CTammation of sections of the brain smaU 
perivascular infiltrations more common in the pons and medulla but 
also present in the cerebellum The cells surrounding the blood vessels 
were reported as neuroglia cells and lymphocytes Rickettsiae svere 
demonstrated in the cells of the blood vessel wall Thrombus formation 
was noted in some of the capillaries Focal lesions were also encountered 
m the brains of infected guinea pigs 

kouwtniar found i ij satop i«s of mite bite fe er la Sumitra s m Ur lesions 
TherewasenUrgement ftbespleen congestion of the viscera and of the bra n together 
» ith 1} mphad nopath> The lesions in the brain were also similar to those found by 
Lewthwaite and bavo r 

From the informaton obtainable u nouli appear that m tsutsugamushi d ease 
th « does not o cur the vside spread thrombotic lesions of the per pheral blood ve sels 
soeomm nly ob ervedintyphusfe er (hough thrombus (ormati n has been reported n 
instances m the capillaries Wolbach points out that the p esenee of necroses n 
diffe ent o gans suggests that small blood vessel of the mirrnal o gans may present 
le 10 lead ng to thrombo is 

Symptomatowcy 

Incubation Period — In Odas senes of 14 patients whose contacts 
could be defimteh traced the incubation period vaned from 7 to z2 days 
was frequently 8 days and averaged 9 days from the time of the bite to 
the onset of general symptoms In most there was a lack of prodromal 
symptoms 

It should be noted that many persons bitten by the mite (umnfected) 
complain of headache oppression general malaise numbness at the site 
of the bite anorexia shivering and even chills and fever These symp- 
toms subside in a or 3 days and may be caused by the secretions of the 
mite and not by the disease itself Such phenomena have been demon 
strated experimentally by injecting freshly macerated akamusht into 
volunteers The infected imte produces not only a local lesion but 
necrosis 

The symptoms of the disease frequently observed in different localities 
consist of general malaise headache anorexia insomma with dizziness 
tinmtus pains in the joints and epistans Chills may occur and more 
generaUy constipation The roost important symptom is the tenderness 
and swelhng of lymph nodes near which one may find yellowish brown 
necrotic plaques of skin covered by small crusts On removing the crusts 
ulcers are found which indicate the pomt of the insect bite The necrosis 
in the skin and enlargement and tenderness over the adjacent ly mph nodes 
serve to distinguish the condition cluucally from other rickettsial infec 
tions except some cases of fievre boutonneuse The spleen is commonly 
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Monke>s and rats may be expenmeatally infected by blood or tissues 
from the human cases and also bj the bites of mites or inoculation of their 
crushed bodies 

Kauamura and Imagawa (193O have reported the finding of ncket 
tsiae in the salivary glands in collccUons of T akamitsht fed upon infected 
mice Kdwamura has confirmed the hereditary transmission of the virus 
Rtcke'lsta IsuU i^amtskt has been studied in tis ue cultures (Yoshida 
^93 s) \\'olbach (1940) points out that since it does not invade the nuclei 

of the mammahan cells m tissue cultures as do the ncketlsiae of the 
Rock\ Mountain spotted fever group it is probable that it does not invade 
the nuclei of the ceils of the vector, an important behavior in classification 
In Malaj and Sumatra the disease 1- reported as transmitted bv T 
akamnshi T delhieniis, and T ichuffnert However, I ewthwaite and 
Savoor (rgsfi) question whether T dethwtsts is a new species Neither 
lice nor ticks will transmit these diseases but the flea can do so under 
experimental conditions (Nicolle and Sparrow, 19J5) 

The reservoirs of the Sumatra mite fever appear to be the house tat 
il/itj coneolor and the field rat Jt/j« twrifij In the Malayan tropical 
typhus the reservoir is the common house rat Afiis roKiis Those who 
handle hemp vegetables gram wdod,haj m the endemic regions are par 
ticularly in danger of infection Most of the patients are agncullurahsis 
\nigst«n (1934) states that m Malay the urban disease (W form) is 
probably the same as Brill's disease or endemic typhus (flea bornetypbus) 
while m scrub typhus the actual vector i a mile 

I ATJlOlOCy 

No distinctive gross lesions have been repotted Apart from the 
descriptions of the local uUer and the swollen regional glands httle that is 
definite regarding the pathology has been published The spleen and 
lymphatic glands haie generaUy been found enlarged and there has been 
general visceral congestion 

Kitashima and Miyapma (1918) have reported upon the histology of 
the pnmatv ulcfr and the enlarged lymph nodes as consisting of an mfiam 
matory reaction accompanied by necrosis In the lymph nodes there 
was nbrinous exudate and necrosis Similar lesions were noted ininfected 
jnonkevs No vascular lesions were desenbed 

Kawamura (1930) also described these lesions in the skin in which 
there was penvascular infiltration composed mostly of mononuclear 
vesicular cells and lymphocytes without polyroorpholeucocytes In the 
former and certain lymph n^es, proUfecative and enudative lesions ncK 
found accompanied by necrosis No changes in the blood vessels and 
no thrombi were encountered In the internal organs miliary necroses 
(V ere found in the spleen bonenjarrov and liver The presence of lesions 
in the central nervous system arc not mentioned 

Lew tbw aife and Savoor (1936) have reported upon the pathology of the 
rural tropical typhus of Malay An initial lesion like that observed in 
tbUtsugamushi disease was not found either m man or infected laboratory 
animals cither when the animals were infected by mites or fay means of 
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Sy^tous IK Detail 

The Nervous System — There is marked giddiness and headache at the 
onset Hyperaesthesia of the body is quite characteristic There is 
often delirium at night Deafness is frequently noted 

The Cutaneous System — A small necrotic ulcer about inch { s cm) 
in diameter with a dusky red areola is noted at the site of the bite of the 
larval mite The healing of the ulcer is delayed well on into convalescence 
About one week after the onset a dusky macular eruption appears first on 
the face (cheeks) then going to the chest legs forearms and trunk It 
IS not marked on neck arms or thighs It never becomes petechial The 
eruption has been reported on the soft and hard palate and rarely on the 
buccal mucosa The eruption may be absent m atypical cases and in 
second attacks the rash usually does not appear 

Fever Course — The temperature which on the first day or two reaches 
onlytoi to 103 F becomes later on higher and continuous About the 
tenth day from the appearance of the eruption it begins to fall becoming 
remittent and then mteimittenl 

The Lyoipbatic System — Very characteristic is the swelling of the 
glands procimal to the initial ulcer The connecting lymphatics may be 
inflamed Later on other glands may show slight swelling and tenderness 
The spleen is usually enlarged 

The Blood — There is no change iq the red cells but there » a leucopcnia 
Prognosis 

The mortality rate reported in Japan vanes from 15 to 60 per cent the 
higher rate obtaimng for older people After 30 years the mortality rate 
increases sharply Pregnant women usually abort and die In Sumatra 
de Langen gives the mortality as only about 4 per cent the disease evi 
dently being of a much milder nature One attack is said to confer some 
immunity but reinfection is not uncommon although usually mild 
Second attacks have been reported withm a year oi the primary one 

Diagnosis 

In the differential diagnosis the limited geographical distribution 
should prevent error and in particular where the initial necrotic ulcer 
IS present with enlargement of the glands draining the region in which 
It IS located there should be bttle confusion \\hile in plague there is 
rarely a primary vesicle or ulcer with enlargement of neighboring glands 
these glands are matted together and exquisitely tender Then too the 
eruption of tsutsugamushi and the early and more stuporous state of 
plague should differentiate even without the aid of the laboratory 
Tsutsugamushi typhus fever and spotted fever have many character 
istics in common These diseases may be differentiated somewhat bv the 
course of fever and eruption as shown in the following table which illus 
trates the symptoms which are more commonly observed 
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enlarged and the liver usually js not palpable Congestion of the nasal 
mucous mcm'bTane tpistaais and pbarjngitis together with bronchial 
sjmptoms are sometimes present Ilj-peraemia of the conjunctivac JS 
almost always present 

A Typtcsil Case — Usually about S days after receiving the bite of the 
larval mile which may not have been noted by the patient there develop 
chilliness giddiness and headache, with a rising temperature In a or 
3 days from the onset, ptunful glands are noticed m certain regions, as of 
the groin axilla or neck From these glands one can often, by folbvijng 
inflamed lymphatics find the small necrotic ulcer several mm in dam 
eter which is often located in the armpit or in the region of the genitals 
There is a dark red areola about the ulcer, nhich is only slightly tender 
The glands are not "veTy much enlarged and arc not eicessively 
tender Theremay begeneralglandularenlargemcntfollowingthatof the 
primary swellings The pulse rate is usually from 80-100 notwithstand 
ing the rise of the fever to 104*^ or even 105 F 

The body is decidedly hyperoestheticand the conjunclivae are injected 
There is frequently deafness About the seventh day a macular eruption 
appears first on the face and then spreads to chest extremities and trunk 
The -eruption never becomes petechial Tlie tongue becomes dry and 
cracked There is often a cough The blood shows a leukopenia The 
eruption disappears m from seven to ten days and the fever becomes 
remittent or intermittent and aftera/ewdays reaches normal Parotitis 
may occuc as a compbcation A relative immunity follows an attack 
and m the event of another attack it is less severe 

Pseudo typhoid Fever — In the cases described by Schuffner from 
Sumatra the necrotic ulcer and glandular enlargements were followed by a 
roseola which reached its maximum cm the eighth to tenth day’ and was 
most marked on the trunk and fianks ITie nervous symptoms resembled 
typhoid fever and there was a lymphocytosis DeLangen {193d) points 
out that the pseudo typhoid as described by Schuffner and later by van 
Uriel differs from tsutsugamushi fever as seen in Japan in having a much 
lower death rate and having a lymphocytosis in place of leukopenia and 
appearing throughout the whole year although more active front June to 
August In a few cases in Sumatra however a leukopeiua was prevent 

SchsraBoil — A considerebte number vt caves ot a disease levemUic^tsutjUgamushi 
were noted by von Rusom id ibe German tr<M>ps on tbe Russisn frost He gave the 
name bchars boil to the disease after tbe place of its occurrence in Ruisa Tbe disease 
was associated with low lying a eampjr Iracts and occurred dunng the Ute summer and 
autumnmonths There was an abrupt onset with chill followed by fever and headache 
with rather marked s elbng of a group of gUnds most often of neck supra clavicular 
fossa a»Ua or inguinal region These ^nds were jn relation with a necrotic ulcer 
The glands suppurated after J or 5 weeks About a week after tbe onset an eruption 
appeared cbiefiy on backs of hands ealeDsorsurface of forearms neck and face Joint 
pains were occasionally recorded The fever was an itregubriy remitting one and ran 
its course within todays The ulcers we/e mort common on the face and neck more 
stidosn on the wnsls and ankles There was no evidence of a part being played by 
mites Etcept foe tbe eruptios there » a yesembUnee to tuUraeroia 
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SYilPTOMS IN DETAIt 

The Nervous System — There is marked giddiness and headache at the 
onset Hyperaesthesia of the body is quite characteristic There is 
often delirium at night Deafness is frequently noted 

The Cutaneous System — \ small necrotic ulcer about inch ( j cm) 
m diameter with a dusky red areola is noted at the site of the bite of the 
larval mite The healing of the ulcer is delayed well on into convalescence 
About one week after the onset a dusky macular eruption appears first on 
the face (cheeks) then going to the chest legs forearms and trunk It 
IS not marked on neck arms or thighs It never becomes petechial The 
eruption has been reported on the soft and hard palate and rarely on the 
buccal mucosa The eruption may be absent in atypical cases and in 
second attacks the rash usually does not appear 

Fever Course — The temperature which on the first day or two reaches 
onlyioi to 103 F becomes later on higher and continuous About the 
tenth day from the appearance of the eruption it begins to fall becoming 
remittent and then intermittent 

The Lymphatic System — Very characteristic is the swelbog of the 
glands proximal to the initial ulcer The connecting lymphatics may be 
inflamed Later on other glands may show slight swelling and tenderness 
The spleen is usually enlarged 

The Blood — ^There is no change in the red cells but there is a leucopenia 
Prognosis 

The mortabty rate reported in Japan vanes from 15 to 60 per cent the 
higher rate obtaining for older people After 30 years the mortality rate 
increases sharply Pregnant women usually abort and die In Sumatra 
de Langen gives the mortabty as only about 4 per cent the disease evi 
dently being of a much milder nature One attack is said to confer some 
immunity but reinfection 1$ not uncommon although usually mild 
Second attacks have been reported within a year of the primary one 

DiacNosrs 

In the differential diagnosis the bmited geographical distribution 
should prevent error and in particular where the initial necrotic ulcer 
IS present with enlargement of the glands draining the region in which 
It IS located there should be little confusion While m plague there is 
rarely a primary vesicle or ulcer with enlargement of neighboring glands 
these glands are matted together and exquisitely tender Then too the 
eruption of tsutsugamushi and the early and more stuporous state of 
plague should differentiate even without the aid of the laboratory 
Tsutsugamushi typhus fever and spotted fever have many character 
istics in common These diseases may be differentiated somewhat by the 
course of fever and eruption as shown in the following table which illus 
trates the symptoms which are more commonly observ ed 
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Fever course 

Eruption 

Ttulsuiamushi 

Fever increases each day 
until tcachiog maximum 
about 4th or 5th day ; 
} ah by lyais after fad ng el 
eruption j 

Segms OR fsce then chest 
legs forearms and tniok 
Does not become petecbist 
First appears about th 
day 

Tabardulo Typhus fntr 
Brill s distase 

1 Onset and temination of 

1 fever characterized by con 
j iderable abruptness Very 
; slrthing mentat symptoms 

Begins In axillae and flanks 
thence going to abdomen 
and extremities Avoi Is the 
face Petechial tendeocy 

1 Fitstappea»sabout5lhday 

Spotted fevtr of iA« Rocky 
Meunlaint 

Gradual ot fairly rapid rise 
during a week with lysis 
coiamencing at end of 
second week continuing 
through third week 

Begins on forearms and leg 
Petechia) tendency May 
have gangrene of prepuce 
and scrotum First ap 
pears on td to 5th day 


The Weil Felix teaclion » frequently of value in diagnosis In 
tsutsugamushi disease there is usually a positive agglutination in moder 
atriy high titer with the strain OXK., while the serum gives a negative 
reaction with OXs and 0\i9, this differentiating the disease from typhus 
and spotted fever Unfortunately in some of the milder forms of the 
disease occurring outside ot Japan these reactions arc less constant and 
hence of less value However the negative agglutination with OX 
and 0X19 is usually the condition and hence of value in excluding true 
tvphus infection In some atypical cases m which only a low agglutma 
tion titer for OXK. is found and where there is an absence of doubtful 
pnmaty lesion and rash and absence of leuVopeoia, animal inoculation 
and cross immunity tests may be necessary to establish the diagnosis 
Fever, and often scrotal reactions, are observed by the inoculation of 
gunea pigs The inoculation of rats usually gives inapparent results 
pROpnvLAxjs Aitn Treatment 

Prophylaxis — ^In mite infected countries the body should be pro* 
tecled by proper clothing For this purpose in Japan a mite proof suit 
has been devised and should be worn especially by those harvesting hemp 
during July and August It has also b«n suggested that laborers should 
dust their bodies with a powder consisting of equal parts of flowers of 
sulphur and talcum as a rcpellant for the mites Dimethyllhaliale has 
been particularly recommended The larval form of aiamusht may be 
effectively destroyed by spraving the infested ground with petroleum 
emulsion Excision or cauteniation of the area of the bite has been 
suggested, but it is not clear that Uiis has been of great value 

Prophylactic inoculation has not yet been demonstrated to be of value 
Kawamura (1937 and 1939) that inoculation of a weally virulent 
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strain of tsutsogamushi fever prod jced a mild illness in a man followed bj 
immunity to inoculation with a stranglv virulent strain However 
obviously tbis method could not be recoimrended for general employment 
Lewlhwaiie (1939I has been unable to confer anv immunity against 
tsutsugamusbi infection in guinea i»gs by means of different propby 
lactics prepared from suspensions of R ontnfahs sterilized with formol 
phenol or by other racemes 

Treatment — Salvarsan has been found valucle s and drugs ate tndi 
cated only symptomatically espeoaUy to combat the insomnia Hayashi 
and Mukoyama hare recommended the use of immune serum for the 
treatment of severe cases ‘serum therapy is stdl m the experimental 
stage 

ScavB T\piius 

Srruh t),phus has extreme military importance because of its prev alenre 
in the Southv. esl I acific area and the China Burma India theater 

bapeto (1944I reports that scrub typhus has occurred in our armed 
fon-es in New Guinea usually m outbreaks which have been m sharptv 
localized areas The infected areas appear to be Kunai grass meadov s 
and adjacent jungle mati,ms Several pecies and several generv of mites 
arc prevalent m the areas concerned with the outbreaks but to date no 
one pecies his been de^nitely mrrininated as a vector It is suspected 
that certain species of jungle rodents mav serve as an animal reservoir for 
thedi ease but on this point ev idencc al o is still Ut^Uy larking 

Lipman Byron and Ca ey have studied loi cases occurring m New 
Guinea m which there were 8 diaihs giving a ca e moruhly rate of q 
per cent In two of the fatal cases tli'‘rc was a clinical diagnosis of large 
pulmonarv emboli occurring after the acute febrile period of the di ea e 
had passed Th< avera;,c duration of the febrile period was 17 days 
It Varied between 10-17 davs 

PhvsKal examination often revealed an eschar representing the site 
of the bite In this senes 70 per cent bowed this lesion with marked 
regional adenopathy By the filth to the eighth day 85 per cent of the 
case showed a maculopapular erythematous ra h on the thorix or abdo 
men The rash lasted eight to twelve davs Bronchitis developed in 
about jO per cent of the vases The Cdtdiovascuiar svstem was also 
profoundly affected The \\eilFelu reaction with i roteiii 0 \K was 
po itivein every case by the second neck Inmtcaily ill patients a titer 
of I i6o was held to be diagnostic In the milder cases the titer ranced 
from 1 640 to 1 7580 by the i6th day The treatment w is symptomatic 

Corbett (1943! has studied the pathology in 7 cases of scrub typhus 
and given a brief vlmical absirart of each case An acute diffuse myo- 
carditis characterized by a perivascular art) interstitial infiltration uilh 
mononuclear ceds and occasional neutrophiles an 1 eosinophile w as found 
m every case Damage to the myocardid fibers varied m degree The 
vascular endothelium was tn>ually swollen In places the arteriolar walls 
were thivkvned and degenerated and h iwed vntramutal round cell mfiltra 
tion In one case a mural thrombus was seen in a small subendocardial 
vessel In the !unt,s a I sbulat pneumonia was present m three cases and a 
hemorrhagic infarct was noted m one instince In the liver in several 
iMtanrr^ there were areas of focal necrosis The spleen showed engorge 
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ment and in one instance a thrombosed \es8el was seen in the region of an 
infirct In the gastro inlestuuU tract enlargement of the lymphoid 
folhclcs was seen in seteral cases The kidneys showed congestion in all 
cases and amaU foci of penxsscotar round cell infiltralion and interstitial 
hemorrhages were frequently noted The brain was examined in 4 cases 
A constant characteristic v\asa lestort consisting of perivascutac prolsfera 
tion of glial cells and mhltration nith Ijmhpocjtes The \cssel3 showed 
swollen degenerated endothelium and m se\era[ there was intramural 
round cell infiltration with jiecrosis of the mtimal and medial layers 
The conditions found correspond w ell to those described by Lew thwaileand 
Sai oor and Kami enaar described on page 979 

Ahlm &. Lipshutz {1944) liaae also reported upon 76 cases of Tsut 
sugamushi fever in the southwest and have summarized some of the 
observations of others 


Buii-is Fever 

During the spring and summer of 1942 among soldiers engaged in 
field exercises at Camp Bullis Bear Houston Texas afebrile infection was 
observed in which all the patients had multiple tick bites b> Atrififyawnia 
«weri«KKHi shortly before the onset According to Woodland McDowell 
and Richards (1943) ">ho observed 33 cases the fever lasted from 3 to 
13 days The onset was abrupt most of the patients had post orbital 
htodache or occipital headache the fall was by lysu and there was no 
further rise except in a few instances m which an occasional rise to 99 ^ 
was observed Ait the patients had enlargement of at feast one set o^ 
lymphatic glands while general adenopathy was common The throat 
was slightly red and in/ected In the more severe attacks (jo per cent} 
a maculo papular rash was seen on rtie trunk early m the course of the 
fever it never lasted more than 48 hours nnd resembled the rash of 
endemic typhus There was pronounced leucopenia on the 2nd or 3rd 
daj The blood of six patients was tested at the National Institute of 
Health Laboratory completely' negative findings were reported for fevers 
of the typhus group undulantfcver tulanerma ty phoid and parity pho'd 
AandB Inoculation of guinea, pigs rabbitsand chick embryos revealed 
no causai agent 

Livesay and Pollard (1943) report that guinea pigs inoculated by the 
intracerebral route with spinal fluid from patients developed a transient 
mild fever on the ijtli day in several cases In one case a serial passage 
was successful but there was no apparent increase m virulence Brain 
substance from reacting guinea pigs inoculated by the inlravetious route 
into developing chick embryo® caused their death within 6 to 9 days and 
the same result was obtain^ in 5 smal transfers by the same route 

Guinea pigs inoculated with the blood of patients by the intrapen 
toneal route showed a low grade febrile reaction lasting 2 days which 
occurred consistently on the 9th to the 10th dvy There was no scrotvl 
reaction but in 2 cases an aseptic fibnnous peritonitis was observed 
Smears from the «pfeeM and peritoneal scrapings from the guinea pigs 
showed small red stained rods aod coccotd bodies m the cy-toplasm and 
nuclei when stained by Macht*vdIo technique Similar results were 
obtained in specimens from the mlarged lymph nodes of two patients 
and cmuLions of such Ij mph node* also caused a febnle reaction 1 ^ ^ 
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pigs About 150 ticks mostly 1 amertcanum were collected at random 
in the affected area and tested b> gumea pig inoculation One positive 
result was obtained in which intracerebral inoculation caused a rise of 
temperature to 106 F for 4 hours on the 9th day By intravenous 
serological and other tests Rocky Mountain spotted fever typhus fever 
Q fever Chagas di ease equinme encephalomyleitis and lymphocytic 
conomeningitis were also excluJed It was concludtd that Bulks fever 
was a previouslv undescribed syndrome apparently caused by Ricketlsiae 
which may be transmitted by an arthrop^ vector in the Camp Bulbs 
Area 

Parker and Stemhaus report that at the U S Public Health Service 
Rocky Mountain Laboratory about 10000 4 amencantitn and about 
2 500 mites from Camp Bulbs wire tested for infectious agents The mite 
tests were negative However a number of strains all of the same 
rickettsiae have been recovered from the ticks Guinea pigs and white 
mice are susceptible to it Thi nckettsiae cross immunizes with Ricket 
Istae diaportca the agent of American Q fever It is either identical 
with it or closely related but the infection caused in guinea pigs differs 
somewhat being irregular and less marked Further study of the infec 
tion would seem desirable 
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Chapter XXVIII 
TRENCH FEVER 
SyNo>jYus AND Definition 

Synonvms — Pytexia o{ unknown ongin (P U 0 ) Meuse fever, Vol 
h> man fever shin lever qmnlan or five day fever 

Deflmhon — ^Trench fever is a specific infectious febrile disease in 
which the virus is present m the blood and sometimes in the urine, and is 
commonly transmitted from man to man b> the body louse Peitciihu 
^mmaiuis {corpons) It is characterized usually by an enlargement of the 
spleen and an eruption consisting of small er> thematous spots or papules 
headache dizziness pain m the le^s especially the shins the bad and 
behind the ejeballs in3ection of the conjunctivae and a sharp rise in 
temperature to ro3* or toa^F In the majority of the casts the fever or 
other symptoms assume a relapsing character No single symptom or 
charactPn tic of the disease yet recognized is pathognomonic Death 
practically never occurs 

History and Geogradjiicav Distribution 
History —Trench fever is one of the infectious diseases regarding « hich 
our knowledge has been obtained as a result of the World War It is 
rerrarkable that so striking and communicable an affection as trench fever 
should have keen an unrecognized entii> prior to that period For this 
reason it was suggested that it had been introduced by colonial troops into 
the armies in northern Europe where it attracted particular attention 
by its prevalence or again that as the armies m the field were more or 
less exposed to medieval conditions hence a return to medieval disea es 
hitherto imperfectl> known might be expected One can onl> conjecture 
as to whether the quintan fever described by Hippocrates Galen and 
Razes was the disease known todaj as trench fever Clinically it might 
m earlier }eara frequently have been mistaken for malaria or European 
relapsing fever As there is no speafic diagnostic laboratory method 
known for trench fever even todav it is probiblv often confused with 
other dtses es 

As to the suggestion that the disease may have been introduced into 
Europe b> colonial troops it may be said that trench fev er does not 
defimlelv correspond at least to any of the vvei! recognized exotic forms 
of fever tVlule resembling dengue m some respects and n.lapsing lever 
jn others as well as various well recognized exoUc fevers there is no 
atisfactory account of the pnor existence of such a type of fever Some 
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have thought that the miharj fever reported la France from 1821 to 1855 
might have been a type of trench fever since it had no mortalitj 

The Epidemic of 1915-1918 — Bunng the lattei part of 1913 and in 
1916 the occurrence of a disease charactenzed by febrile relapses became 
gradually recognized in some of the armies in northern Europe It was 
first referred to in Flanders and France b> Graham and Hunt and 
Rankin McNee Brunt and Renshaw first described it under the name of 
trench fever Hernngbam also called particular attention to it and stimu 
lated its further studj Werner described cases of a similar affection in 
German or Austrian troops in \olhynia and Poland 

McNee Brunt and Renshaw did much to establish the specificity of 
the disease and were able to demonstrate that the infectious agent was 
present in the blood and that the disease could be transmitted from man to 
man by direct inoculation of the Wood 

There was much speculation as to the nature of the infectious agent 
and the method of its spread It was suggested by some to be spread b> 
rats or mice Just as in the case of malaria and >ellow fever before the 
proof of their method of transmission was demonstrated so in trench fever 
a number of observers had suggested the disease was conveyed bv insects 
Flies mosquitoes fleas and lice were all suggested as being concerned in 
Its transmission 

In October and November 1917 tb« writer being cogni aat of tbe enormous loss of 
nanpowerwhicb trench fever wts causing in some of tb« allied armies sndof the great 
danger of its introduction and increase in other armies made a forma! offer to attempt 
to determine definitely and with properly controll d ipetinents the method of trans 
rnissisn of the disease which obviously was the most important p oblem m connection 
with tts prevention This offer was accepted and after the necessa y authority had 
been obtai ed from the American and Bntisb military authoriues in Ja uary 19 S 
and the writer had secured the detail of six other medical officers two n n com 
missioned officers from the \mencan E ped t onai) Forces and one medical officer 
f om the British Expeditionary Forces to assist in carrying out these investigations 
as well as a detail of eighty six cnli ted men from the Unit d States army who had 
volunteered to submit to the necessary cipenments the work mas undertaken 

At the same time the Bntish Wat Office also appointed a commission to study tre cb 
fever nLondon with Surgeon General David Bruceaschauman andMajorW Byam 
as supervi 0 of the clinical and expeniDeiital work t 

In the work of each of these two commissions there was close and fne dly coop ra 
tion The fintish Comm sion earned ont its work in London upon civihan olun 
teers and m well equipped I b ratones while the Amenc n Commi s on ca ned out its 
inve tigat ons m inprovised laboralonesi tbebeld The latter commission howe et 
had the advantage of secun g youn and healthy luntee f m the United States 
army for the experiments and a pie tifulson ee of supply of acute cases of trench fever 

Both of these Commissions demonstrated from well controlled expcri 
meats on human volunteers that the inleclious agent to present m the 

Then a of Utt menther f Ih Con lusion Ikol eof ed out these i re / g f nitier* 
n F S ft C L Opie n J yoeneal IT Baetjer 1 U Papp I m A D Peac ck 
a dD Rapp I so add t an to lie slt t r 

t The II er t be i of tl Ctnmustan ve e A Bacol D Ila y U PI tnu 
B French J i Ark r ikl P if FUHier and A F Bird 
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blood during the disease and that the disease is transmitted by the lou e 
Pedicultts himanus 

Practically all of the important knowledge wc possess regarding trench 
fever is to be found in the two reports of these commissions 

Geographical Distribution and Pre\alence during the World War 

The disease was observed dunng the war particularly in troops in 
Flanders France Poland Galicia BuLovina Italy Salomca Macedonia 
Mesopotamia and Lgypt Certain areas within these countries were 
particularly infected It was one of the largest sources of wastage of 
man power in the combatant forces From 1915-1918 it has been esti 
mated that it was the cau c of from one fifth to one third of all cases of 
illness in the British armies in France, and of about one fifth of all diseases 
in the German and Austrian armies It was introduced into the American 
troops m the American sector after its method of transmission had been 
discovered where its wide spread was prevented The disease evidently 
found conditions most favorable to its spread among troops in the field 
heavily infested with lice It is interesting to note that at the pre ent 
time (1940) neither cases of trench fever nor of Weils disease are being 
encountered in certam regions in Flanders where they were during the war 
so common among troops However several German reports of the 
occurrence of outbreaks of the disease have been made m 1943 

Etiology — ^The blood in the active stages his been shown to contain 
the infectious agent This was first demonstrated to be the case b) 
McNee Brunt and Renshaw, and later the American Commission con 
firmed this fact and further demonstrated the fact that the virus is present 
in the plasma of the blood It was also shown that the v irus is sometimes 
excreted m the untie in trench (ever and that it was possible to infect 
human beings by the inoculation of a small portion of the urinary sediment 
from trench fever cases 

Method of Transmission — rhe disease is transmitted commonly by 
the body louse Pedicuhis humanus corporis bving under practically 
natural conditions as was first demonstrated in an entirely conclusive 
manner and by properly controlled erpenments by the American Research 
Commission In these investigations 103 different human erpenments 
were earned out upon volunteers from the American army in connection 
with the study of the transmission of the aSecti m In the first group of 
experiments in connection v ith its transmission by lice twenty sir men 
were exposed to bee that had bitten trench fever cases m the febrile stages 
of the disease while four other men were erposeil for the same or a longer 
period of time to normal uninfected lice which had only fed upon healthy 
indiv iduals After a period of over three months in order to show whether 
the men who had been erposed to the normal lice were or were not natu 
rally immune to trench fever three of them were subsequently exposed 
bv other methods to trench fever infection All of them contracted the 
disease Of the twenty six men in the first group who were exposed to 
hce that had fed upon cases of trcndi fever twenty or seventy six per 
cent developed this disease On the other hind the two exposed to many 
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hundred hce newly hatched from eggs laid by hce which had fed on trench 
fever cases did not contract the disease Thus no ev idence was obtained 
of hereditarj transmission of the virus of trench fever in the louse In 
the three instances in which lice taken from the clothing of trench fever 
cases were emplojed for infection two of the individuals exposed to such 
lice contracted the disease 

After having shown conclusively by fourteen positive experiments in 
the first group that the louse transmits the disease living under natural 
conditions experiments were performed to show whether this insect ma> 
transmit the disease by its bite alone when liv ing under natural conditions 
or under unnatural ones in entomological boxe and biting through chiffon 
and when no scarification or scratching of the skin and no crushing of the 
hce occurred Five experiments of this nature were performed all of 
which resulted positively 

From other expenmenls it was shown that practically dll virus free 
control hce become infective about 9 da>$ after feeding on febrile patients 

In eight experiments with volunteers it was shown that trench fever 
may be produced in an artiSaal manner by scarifying the arm and rubbing 
in as in vaccinating against smallpox a small amount of the excrement 
of hce which had fed upon trench fever cases The British Trench Fever 
Commission first demonstrated this method of infection the excreta being 
collected from the sixth to the nineteenth day after first feeding upon the 
patient In these instances it was found that the incubation period of the 
disease varied from seven to eliven days 

The Virus — During the World War very extensive investigations 
regarding the specific microorganism of trendi fever were made and a 
large variety of organisms both bacterial and protozoal in type were 
d scribed as theprobablecausaiiveagent by various investigators working 
with the hope 0! discov enng the cause and ebmmaticg this di ease From 
these different investigations it was evident that the etiology of trench 
fever had not been entirely definitely deterouned 

As trench fever hke typhus fever is transmitted by Pedtcvlus Itumanus 
cordons and as extracellular RtckeUsta have been found in some hce fed 
on trench fever cases it has seemed to a number of writers a natural 
assumption that trench fever is also caused by Rickettsia Some observa 
tions suggest this and it may be true and for obvious reasons it is a 
temptation to accept it as a fact Nevertheless it must be admitted that 
this fact has not yet been demonstrated by scientific experiment and the 
evidence should reviewed Rickettsva Vav e nev ti been demonstrated in 
man in this disease nor have the vrascular lesions m the skin so character 
istic of rickettsial infection been noted The trench fever infection has 
not been transmitted to any animal as is the case with rickettsial diseases 
hlice rats and guinea pigs inoculated with the infected blood of trench 
fever first by McNee Brurapt and Renshaw and later by the American 
Commission have been negative It is true that Topfer found extra 
Cellular RicieWjia m hce fed on Trench fever cases and in hce fed on cases 
of Trench nephritis (which was not regarded as an infection) and that 
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Arkwright Pacol and Duncan (1919-19*0? found that s-ome of the lice 
fed on trench fever cases showed ertxaceJlular Rickcllsia 

However one cannot disregard thce^erinwivtalwoTk of MunkandRocfaslami of 
oikoifc and B/ujppt Hindie »t>d the water witch coticlusivej} demonstriled that 
Ri eecefound in nomaifice/cdttibeiltb)’ people mafocalit^ free from trench 
fever and that such JfictcllJtd were «pp*w»Uy (tfenn at with those found in some ii e 
fed on tieach fe\er cases at s»ell «s mlh tho*e found in lice fed on patienfi mth other 
diseases and moreover that sndt lice fed on other heaithy people produced no disease 

Sikora m erophasijing that RtcMlm have not b«fi shown to he fbe esiise of 
Vothyncin fever found that of loo healthy, lousy pet&ons »ot less than 13 kattoied 
lice showing Arcl'etfiiu IVith the conlenli of such ncketfsia-containmg Uce guinea 
pigs »e« inoculated into the heart and >oung mice subcuUneousJy but tie aninais 
did not show any pathologic reaction Sikora then w;eetid herself intravenously with 
the contents of I vo such infected lice and faCersubcutantou^y with thecontenljof the 
aliEoentary tract of ten »u h hce without any laf^tion firumpt also eoiie ted het 
from healthy prisoners and found them beavjly infected with Rukrl tut He fed 
seventy of these upon himself and remained htaltfay Bacoi who/ed iice on himself at 
intervals for a fong period developed a (ever ' hen in roSsnd and it w at ausstated that 
he had Trench fever 

Wdlbach suggested that there ma> be etidcnce m this that Rickelisio 
itervch fev« because 17 bee that were fed upon Bacot when he 
had this fever in I oUnd, 17 developed etfracellular (never tntrjreJiHlar) 
But U must be kept m nwnd that it has been conclusively 
demonstrated by at least 8« tnvesttgatots mentioned above that lice fed 
on healthy people ot those siiffeting from other fevers, may show these 
eTtracellular ??ictrlfsio and that diagnosis of a single case of trench fev« 
iS often very diFicult and that there ts no proof that trench fever was 
prevalent tn Poland at that time Houever as typhus was prevalent at 
the time in Poland and no trench feier was reporfed as being present «j 
the region it has been suggested that some 0/ the lice which had fed upon 
Bacot were infected with a few /roao #fei of typhus as well «» 

with the estfacelluiar RtekettJia which occur not uncommonly m normat 
hce It would be quite impossible to exclude the presence of a very nufd 
infection of the louse with R frmta^ekt b> a microscppicaJ etammation 
of the louse alone Bacot is supposed to have later died of tvphus In 
any case to attempt to establish the etiologj of a disease upon a single 
doubtful case is dangerous and if the orgamam found m the lice fed 
upon Bacot were believed to be other than R prav.<t eki it is unfortunate 
no study was made of them Wolbach admits that the question of deetd 
mg the specificity of Rtckelitta for trench fever 15 a most difficult one also 
whether Ri kettsia pediaitt is the cause of Trench fever Zinsser (1940) 
stales that be otni ts trench few jn his discussion of the rickettsial diseases 
of man as it stands somewhat apart m clinical characteristics and because 
he thinks we possess too fJttle capenmenial knowledge of the responsible 
Mrus to define its precise relationship Pinkerton (1936) points out that 
It IS theoretically possible to establish strong pfcsuropciie evidence of 
liench (ever by feeding carefully controlled Itce 00 patients to sec if they 
acquire nckettsiae However nckett^ae sometimes develop ifl hce fed 
on^oormal individuals On the other hand lice containing R pedtadi 
or R ouinfana fed on healthy individuals have not produced Trench 
fever It has been suggested that Jt fedtadt is simijar m the loose to 
R wrfo;ftagfm the intestine id the sheep ked both h«ag non pathogenic 

for man 
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Trench fe\cr is a relapsing fever and is not a fatal disease In this 
latter respect and m some other features it resembles dengue fever though 
unfavorable sequelae sometimes develop in trench fever The experi 
mental evidence has shown that dengue fever is due to a filtrable virus 
(Ashbuin Ciaig 1907) (Sdei Soule 1925-1918) and others Vihilethe 
virus of trench fever is not filtrable as it occurs in the blood several 
experiments have indicated that this virus in u suitable medium as urine 
may occasionally pass through coarser filters even though such passage 
IS unusual (American Trench Fever Commission 1918 Bradford Bashford 
and Wilson 1919) 

In a study of dengue Siler and Wellards (19 8) found in about half of 
the mosquitoes (yledei aeg\ptt) fed upon patients masses of Rtckettsta in 
the lumen of the hind gut and in smaller numbers lying within the epi 
theUal cells 

If It should later be proved that trench fever is caused by extracellular 
organi ms in the intestines of hce as RickcHsta pedtcuh it will be neces 
sary to modify the definition of the genus Ruletlsia which originally 
referred to intracellular microorganisms All of the known pathogenic 
species of Ricketlua occur mtracellularlv 

£lo ng ( 93O <leienb«(l an mtereiting epidemic among people employed le feeding 
I boiat y reared lice usedfortbepurposeof preparing Weiglivacci e against classical 
typhus He stated that the 0 gaoisms found in the hce that had b tten the indiv du Is 
d ffered from those of epidemic typhu reason of then greater site evtracellulaT 
pos t on and non pathogenicity in tbe louse He suggested the nsme of R aetgfi 
for this gamsm 

Somewhat siRular mfectioas were reported ID Rus la by \eIiimoS (1916) m Japa 
by Ogata (1935) a d France and Spa a by Schapiro (1939) The relaUonship of these 
eiitl reiks t e de me typhus has n t been elanhed 

PttTIOLOGY 

The disease constitutes a mild specific form of septicaemia and the 
symptoms of it are obviously due to the action of the toxins of the virus 
which circulate in tbe blood and is excreted at least partiallv in the urine 
The virus may ometimespersist in the circulating blood for as long a time 
as 300 day s from the beginning of the disease as was demonstrated by the 
British Commission In chrome cases the toxins of the v irus givt rise to a 
more or less cachectic condition As there are no records of autopsies in 
trench fever cases the disease being practically never fital no histological 
investigations hav e been earned out except in connection with the maculae 
of the skin Schminke has reported that the corium of the trench fever 
macule is hyp remic and oedematous and that there is a perivascular 
lymphocytic infiltration with a vanable number of polymorphonuclear 
leucocytes The skin lesions differ from those seen in typhus fever in 
that there is no necrosis of the endothelial cells of the vessel wall and no 
hvalme thrombosis It has been suggested that the segmental area of 
cutaneous hyperesthesia mav arise from mflammatory changes in the 
dorsal nerve roots 
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SYSIITOMATOtOGY 

Incubation — I he incubation period o( the disease m nature probably 
varies between ten to thirty days, though if the infection is acquired from 
a very large amount of the virus, this period may be somewhat shorter 
In the cases in which the disease was produced by artificial methods of 
infection, such as the intravenous injection of blood or one of its con 
stituent elements or by scarifying the skm and rubbing in the virus either 
in the louse excrement or in the urinary sediment the incubation has 
usually varied from five to twenty days and with hcc living under prac 
tically normal conditions from fourteen to thirty days During the incu 
ballon period the patients sometimes show prodromal symptoms, shortly 
before the onset of the attack of fexet consisting of malaise headache and 
pains in other parts of the body 

Chnical Features — ^The most characteristic chnical features of trench 
fever are the sudden onset accompanied by headache dissiness, pain in 
the legs especially the shins, the tock and behind the eyeballs particu 
larly when moxed, nystagmus on turning the eyes completely sidewaxs 
injection of the conjunctivae and a sharp nse of teroperature to joy or 
:o 4®F The fever m oxer one half of the cases subsequently assumes a 
relapsing character Enlargement of the spleen and the appearance of 
small erythematous spots or papules occur n from seventy to eighty per 
cent of the cases The erythematous spots ate observed particularly over 
the chest back and abdomen They are usually not raised above the 
surface of the skin, are pink in color disapptsr on pressure and generally 
measure about two to four mm , although sometimes they may measure 
from four to six mm m diameter Owcasionallj the rash is distinctly 
papular in character In number the spots vary from several to one or 
two hundred They often disappear in less than tnenty four hours after 
their appearance and they mav occur as early in the fever as on the second 
or third day or be first observed just prior to or during a relapse While 
no one of these sxmptoms given afaoxe can be regarded as chataclenxlic 
or constant, the presence of several or all of them usually serves to make 
an accurate diagnosis of trench fever during outbreaks 

The urine often shows a trace of albumin but evidence of true nephritis 
IS not present in the uncoropbeated disease In a small percentage of the 
cases frequent desire of micturition is complained of and By am has show n 
that polyuna is common The leucocyte count is xcry variable There 
vs frequently a leucocyto^vs and the leucocytes may rise at the time of 
the relapse In other ca es however the count may be normal or there 
may be a leukopenia It has been suggested that m patients with per 
sistent pam in the shins a steady high count probably indicates a continu 
ation of the infection 

The fever does not always foDow a definite type but may consist of 
first a short attack lasting for about a week with sometimes but not 
always afterafewdays a single short nsc, second a more prolonged initial 
fever sometimes lasting for six or even weeks with relapses not distmctjy 
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marked, and third a more regularly relapsing fe\er with more or less 
definite normal inter\als lasting from five to seven daj's Many van 
ations in these t\’pe5 of fever are seen and m some of the patients there 
may be a long fe\er lasting from forty to sixty or more da>s with only very 
slight remissions 

It has been shown by the expenmental transmission of a strain of 
trench fev er virus through several generations in man, cither by means of 
the direct inoculation of the infected blood or through the agencv of 
infected lice that all these roam types of fever ate common in this disease 
and moreover that the type of fever which appears m an inoculated case 
does not necessarily conform to the type observed m the original patient 
from which infected blood was taken 

The number of relapses varies greatly , from three to five periods are 
common and some have as many as sue or seven relap es Several of our 
patients who had been entirely free from fever for from six to seven weeks 
or longer developed typical relapses In these cases reinfection could be 
definitely excluded In some of the cases at the time of the relapse the 
temperature may remain normal but a marked increase of the pulse occurs 
and other symptoms of the disease appear Occasionally relapses persist 
as fate as a year or more after the onginat attack 

Tachycardia and the condition known as D A H (disordered action of 
the heart) of soldiers have been described as frequent complications or 
sequelae particularly m cases of the disease occurring m soldiers attacked 
while performing heavy military duty or in those returnina to such duty 
before completely well Catmalt Jones has found that among loo cases 
of disordered action of the heart taken at random and serious enough to 
reach a heart center two out of three were due to trench fever alone and 
eight out of nine w ere due to this infection at least in part In d group of 
patients Swift noted the position of the apex impulse from day to day 
and on several occasions observed the shifting of the apex impulse from 
well w ithm the nipple line to an inch or more bevond it Also the area of 
cardiac dullness had appanntly increased in width Conconulant with 
this change there had been a distinct increase in pulse rate Whether 
these signs indicate an actual change m the size of the heart or not is ques 
tionable but at least they indicate a distinct alteration in the condition 
of the heart Swift has made a careful study of the symptoms 

Occasionally a picture somewhat resembling paroxysmal tachycardia 
is seen dunng the course of trench fever Precordial pain and hyper 
esthesia are not infrequently observed Accompanying these symptoms 
and signs directly referable to the heart there is at times dvspnoea even 
with the patient in bed It is also not an infrequent symptom when the 
patient is up and about However as these symptoms and signs are also 
found with certain other infections they cannot be regarded as peculiar 
to trench fever 

Areas of tenderness are frequently associated with the pains in the 
head legs and back already referred to and mav involve skin muscles 
tendons, bones or joint cartilages although the nerve trunks themselves 
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do not appear to be involved The area of skin found by the British Com 
mission to be most hj peralgesic Tias that running from knee to ankle along 
the outer border of the tibia Byam and Carmalt Jones found that the 
areas ol skin tenderness seem to correspond to the ciglith cervical first 
and se\ enth dorsal and the first to fifth lumbar segments of the cord 1 he 
whole of these segmental areas were mvoKed m comparatively few cases 
those most commonly invohed being the lower segments of the lumbar 
group Sundell showed that areas of analgesu might be detected in some 
of the more prolonged infections the loss of sensibility varying in degree 
from a mere blunting of sensation to complete analgesia The most com 
mon situations for this phenonlenon were the outer surface of the calf the 
infrapatella the scapula and deltoid regions Withreference to these pains 
and areas of tenderness it is interesting to refer to the cases m the later 
stages of the disease described by Rudolph and Soltau under the term of 
trench fever cachexia Soltau found that not less than seventy per cent of 
ca es diagnosed in the British army as myalgia were really suSeting from 
trench fever Lloyd also describes subacute cases of trench fever diag 
nosed as rheumatism myalgia or neuritis 

Chiomc Cases— The British Commission found that in a large pro 
portion of the cases of trench kver invalided to England there is a tend 
ency to advance through a subacute towards a chrome condition with 
s> mptoms of disorganized action of the heart and in some cases symptoms 
of neurasthema The symptoms met with id these cases were summarized 
in the order of their importance as follows exhaustion giddiness and 
fainting headache breathlessmss on exertion pain irritability lassitude 
sweating coldness of the extremities palpitation and cardiac irregularity 
fever The majority of the chrome cases presented all of the above 
s> mptoms Byam behev es that considerable evidence exists which points 
to a specific action on the vagus in such cases 

DirrERENTiAt. Diagnosis 

Dunng epidemics ty pical cases are usually readily diagnosed from the 
symptomatology outlined above 

While there is no specific laboratory method of diagnosis for trench 
lever laboratory examinations are often of assistance in diSerentiating 
this disease from other infections such as malaria European relapsing 
fever tick fever seven day fever and Weils disease without jaundice 
Here it may be merely stated that neither spirocbaetae nor the Leptospira 
tclerofifmofrliajica has ever been encfmnteied in undoubted trench fever 
cases that the general character of the disease and particularly the relaps 
mg character of the fever and the nature of the rash are quite different 
from what has been observed in typhus From typhoid and paratyphoid 
fever it may be distinguished by the absence from the blood stools and 
Urine of trench fever cases of organisms of the enteric group Marns 
believes that the atropin test is of value in differentiating trench fev er 
from the enteric group since the toxins of trench fever stimulate while 
those of enteric depress the nervous system (see Typhoid fever p i6i6) 
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The absence oi marked catanhal symptoms usuaUy (though not 
always) serves particularly lo differentiate t!ie disease from influenra 
whue the character of the rash and the differential leucocyte count serve 
to distinguish trench fever m the early sta^jCS of the disease from dengue 
fever In epidemic yaundice not onU the presence of the Leptospira tctiro 
liemoTThapca but the nephritis, and usuallv the yaundice serve to dis 
tmguish this disease from trench fever Pam m the muscles of the neck 
m trench fever may at times be so severe as to resemble the neck pains of 
meningitis and the abdominal pain mav simulate that of appendicitis 
so that cases of this disease have been operated upon (or appendicitis bv 
mistake Hoivever, the abdominal pain of trench fever is elicited by 
superficial palpation rather than by deep firm pressure and as a rule, 
there is no confuscon between these two conditions Undulant fever 
obviously may be differentiated from trench fever by the detection of the 
t/t rococcus mtli ensts in the blood or by the agglutinating reaction of the 
serum with this organism 


Prognosis 

The importance of the disea e has particularly depended upon its wide 
prevalence heart complications and great loss of service caused by it 
during the war Generally the prognosis m properly treated cases is good 
and the disease is practically never fatal It has been estimated that of 
men in good health at the time when afflicted with the acute disease, about 
8s per cent were ready for return to duty m two months from the iinic of 
onset Howev er this statement does not apply to the subacute or chrome 
cases and the occurrence of subsequent relapses in some of the 85 per cent 
of recovered acute cases cannot be excluded Of 2x6 advanced cases of the 
disease treated at Hampstead England giving an average disability of 
4 5 months only 6 s per cent left the hospital free from symptoms while 
7 2 per cent were returned to civil life as permanently unfit Of those 
discharged from the hospital alter 9 months 60 per cent had still shown 
greater or less evidence of the persistence of the disease during the time 
since their discharge In relation to prognosis the immediate placing of 
the patient at rest in bed at the time of onset and during all activ e symp- 
toms of the disease is important In the subacute and chronic stages a 
steady gam in weight is said to constitute the most reliable guide to a 
favorable prognosis Menbelowasyearsof age are more likely to entirely 
recover in a shorter period of time than men above that age 

Trews. ENT 

The treatment should be symptomatic For the pain aspinn is usuaUy 
satisfactory but m some cases codeine mav be necessarv to control severe 
pain 

Up to the present time no specific remedy for the disease has been 
found Sweet and Wilmer, and Richter have reported favorable results 
from the intrav enous injection of 10 cc of a i per cent solution of coUargol 
but these observations have not been further confirmed The British 
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Commission also employed intra>enoiisly a large number of drugs such as 
acnflavine gal>l collosol argentum iodine antimon> sulphur manganese 
palladium colloidal rhodium mtramme kharsivan eusol trypan red 
tartar emetic and disodoluargol but without favorable results 

Swift has emphasized that as long as two or three of the positive signs 
oi the disease persist one should regard the infection as still active The 
patient should not he allowed to get up and be about until it is evident 
that the infection has been entirely overcome As a rule it is advisable 
not to aUow the patients up until they are well past the time of an antici 
pated relapse The time which the patient is allowed to be up should be 
progressiv e beginning with a tew hours at a time If during this increase 
of exercise there is unusual tachjcardia or return of an> of the symptoms 
the bme of sitting up should not be increased and if these sjmptoms per 
Slat the patient should be returned to bed After the patient has been 
allowed to be up all day without unfavorable symptoms he should be 
placed on a course of graded physical exercise The stnhmg feature oi 
trench fever IS Its tendeno to relapses and during these recurrent relapses 
the patient should alwa>s be kept m bed 

The treatment of the chrome disease consists brieflj m attempting to 
improve the general health and h}gi»nic conditions of the individual with 
patticulai attention to rest exerose diet and thmatic conditions 

PROPHVLiOas 

Prevention of the disease is especially dependent upon efficient delous 
mg The destruction of the virus on underclothing contaminated bv 
louse excreta ts also of great importance 

Exceedingly great care should be taken to completely disinfect all 
patients as soon as practicable and particularly upon their entering the 
hospital Patients on entrance should be carefully bathed and subse 
quently sponged with alcohol with the object of removing the virus from 
the akin Since both vaivelves ol pediculus humanus P corporis and 
P capitis may convey the disease careful disinfestation of the hair should 
be earned out It mu t be borne in mind that while a temperature of 
S5 C for 30 minutes destroys the louse i* bumanus and its ova such a 
temperature doe not suffice to destroy the virus of trench fever which 
may be present upon the underclothing ot trench fe'.er patients Pot the 
destruction of the virus of tieocb fever a temperature of 70 C of moist 
heat IS sometimes necessary The clothing of patients upon entrance 
should be removed and both clothing and blankets whether or not bee 
or ova are found upon them should be carefully sterilized by moist heat at 
a temperature not below 70 C for 20 mmutes since it is possible for the 
virus to be still present on the dothing In institutions autoclaving is 
most satisfactory It should be borne in mind that a man with trench 
fev er may be entirely free from bee at the time that he develops symptoms 
of the disease 

Those handling the sick and their discarded garments should take 
special precautions to avoid becoming infested with hcc Louse proof 
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overalls and rubber gloves arc desuable for attendants It has been shown 
that the virus of trench fever xn excreta of hce may retain its virulence for 
at least four months Bed lm«t before washing may be immersed m a 
2 per cent lysol or cresol solution for 20 minutes which destro> s the virus 
Trench fever patients should at all times be carefully protected from 
louse infestation and inspection of thera for lice should be made daily 
since It has been shown that sometimes even as late as the 300th day of 
disease a patient s blood may remain infective and be capable of infecting 
iice The patients should be treated la separate wards 

\s the urine may contain the virus and be infective it should be 
sterilized during the active stages of the disease Infection with the virus 
may occur through the comuncUva and 0 i milligtam of infective louse 
excreta has produced trench fever when inoculated subcutaneously 
Infection probably does not take place bv the mouth or by inhalation 
Sputum cups should be provided for patients and as the «putum may be 
infective it should also if present be sterilized 

The immunity in relation to the disease K variable and one attack does 
not neces anly protect The British Commission showed experimentally 
that re intention was possible m two instances on the xyjnd and 198th 
day after onset 

An eradication of lice results m an eradication of the disease 
\doevdou 

References to Trenrh fever I ave been few in the literature of the past 
sev eral y ears and obv lously no serious or extensive outbreak had occurred 
up to 194a However if the exuacelluhr organism found so commonly 
in the intestine of lice (/? pedi(uh) was palhogeruc for man obviously 
such a human infection would be very common 

Pcchtel (1940) reports a case m Poland in which there was an irregular 
fev er of relapsing tvpc with a penodicilv varvnng between 3-5 days The 
case was described as one of Wolhynian — Five day fever The svmptoms 
had persisted for two months bdon. the patient entered the hospital 
After admission there were 5 other spelh of fever “I he serum agglutinated 
Proteus Xig up to a titer of x-rdo Sulfapyridine treatment was started 
two days after the last paroxysm of fever 15 grains being given in 4 days 
It IS reported that the symptoms yielded promptly and there was no return 
of the fever The sulfonamides have been shown to be ineKective in true 
Rickett la! infections 

I ena \ anez has treated 8 ca es of Five day fever during the Spanish 
Civil \\ar by means of taitar emetic The doses were from S to 14 c c 
of at%solution given intravenously each day for 7 days and if necessary 
repeated after an interval of a week Diagnosis was made from the 
typical ttmpetatute curves In * a single course of the drug suflSced 
for cure In the third there was a slight recrudescence which yielded to a 
second course 

Werner (1940) has reported upon R quinlana m hce m Funfiagetieber 
m Germany m the last world war In 1940 writing from Buenos Aires 



he stated that Ogata/- has succeeded in cultivating R qutnlana m the 
testicles oi guinea pigs and has used it m the tieatmeut of cases of ceiebial 
syphilis 

Since February 1942 a number of outbreaks have been reported m 
the German armies on the eastern front Bemsdorf states that beginning 
in February 194 trench fever which had been regarded as a potential 
threat only then suddenly became a serious problem for the medical men 
Hospital services were greatly embarrassed bv the large number of cases 
and many of the patients were unht for duty for as loiio as two to three 
months Early cases were mistaken foe anomalous typhus fever After 
February its nature began to be recogniied from the characteristic clinical 
features and the relapsing type of fever Th« VVeil Feli^ reaction was 
stated to be negative in trench fever and he thought ncketfsiae are not 
lively to cause a disease with such pronounced tendency to recurrence 
No satisfactory treatment was found Some 10 other reports of out 
breaks have been made by German doctorsduring 1942 and 194? Among 
these are those of Reimer who observed 95 cases m the summer of 1042 
No agglutination or precipitin tests were discovered as aids in the diagno 
SIS which was based on the symptoms and the relapsing type of fever 
E-erger reports more than 1 50 cases in Germany (locality not gi\ en) The 
diagnosis was made from clinical symptoms Jacobi reported 71 
undoubted cases from a hospital m the cast the diagnosis being made from 
clinical symptoms in which there were relapses of the $ day type Pyr 
amidon gave relief from pain m only 9 cases and it did not sei m to have 
any curative action Suifapyridme was not of value in curing the disease 
Sylla observed 200 cases He felt there was no doubt about the method of 
transmission by the louse but he did not feel certain about the causal 
organism Typi^l symptoms with a usually fleeting rash were noted 
and the duration was from 1 to 6 weeks Wed Felix reaction of plus or 
minus I to 100 were not uncommon Widal titres of i 00 were not 
uncommon Treatment on the whole was unsatisfactory with sulfa 
pyridine but neoarsphcnamine and atabrine seemed to be helpful in the 
e irly stages Mane (1943) gives no mformation of the occurrence of the 
disease in France but refers to the recent outbreaks of the German army 
on the eastern front in Poland and Russia and points out that no diagnostic 
laboratory test has been discovered 

Arneth (194a) in referring to the outbreaks m Poland Russia 
Rumania Italy France and Belgium says that Kerger found by the end 
of the second week there was a leukocytosis with a pronounced Ameth 
deviation of the neutrophiles to the left Durinj, the fever free periods 
the leukocytosis was less pronounced but the deviation to the left was still 
present Neutrophilic myelocytes appeared and there wasa gttat increase 
m the number of the large mononuclears and large lymphocytes He 
tliinks a qualitative count should be made of the Iv mphoev tes and mono 
cy tes and that a more or less pronounced increase in both e pet lally of the 
larger forms is of assistance in diagnosis Bormann (1943) has reported 
an epidemic among German soldiers m North Russia and suggests that the 
Besirabia fever present in 1942 might have been trench fever 



TsrKcai miR 


5196b 


Rerereuces 

B»col A On ihe piobabU identity of IttcUeUsia PedicuU with Riclceltiia Oumtanj 
BtiUsh Ifti Jl in 3 S 156 

Crumpt E Au su]et d un parasite (RicVettsta prowateVi) dcs poux de I hoame cod 
aidere & tnrt comme 1 agent causal du t>phus exanthematique Cu{{ Sec Path 
£xi>tique tl 249 {918 
Byim W el al Trench reuet 1919 

ifcNee J t\ Brunt A & Renshaw C If BnhrhJIffd /I i 2*5 1916 
Pechtel C The Effect of Eubaun (Sulphapyndwe) vn a Case of tS olhynun f ive Day 
Fever (Trench Fever) iM AA« jd «3ji 1940 
Pefia Yafle* A The tse of Antimony batu m Trench Fever i5f«< ^fech 
67 i*«7 »g4r 

Report of Comrmssion Aled Rea Com Am Red Cro f Otfird tgrS 
Sellird* A & Sder J F Occurrence of Rickettajs in Afosqmtoes (Aede argypli) 
infected with the virus of dengue fever Aw Jl Trap ifei 8 399 rprS 
Werner tt UeberdieRicVeUsiendesmnfugefiebers Arjuf urdoifut Bief Buenei 
Atm 11 601 1940 

Wolbach Todd & Palfrey Ctiology and Pathology of Typhus lOii 

REFfttrscES PPOM 1042 

Arneth J Afoi ftoeft at 99A Nov 7 194* 

Bernsdorf W put i/UiU'or 1 6 234 May 1943 

bormann I Otnt i/tJ UorA 69 336 April 30 1943 
Jacobt J 3ft(fii i I? d H<»«A 89 615 July 10 194* 

Nc{t<r It Dct! 1/ftd U<Kk 68 8<4 *4 #94/ 

Lampert H Z>eil l''e<f Be* 69 ir Jan S 1943 
Mane P L PrfJie tfrd $l 38' July 17 1043 
Renner K Ucd Uac/i 69 50B JuWp 1943 
billa \ If d A/in loh 31 1941 



Chapter WIX 

VERRUGA PERUANA AND OROYA FEVER 

{Cnfermedad de Carrton, Bartonellosis) 

In Peru for many years Oroya fever and Verruga peruana have been 
regarded as different clinical manifestations of the same disease but there 
has been considerable difficulty m the demonstration of this fact from 
scientific data and it is only comparatively recently (from such data) that 
this has been accomplished 

According to the generally accepted opinion for many years the disease 
verruga peruana in thesevere form begins with an initial stage known as the 
fieire groie de Carnon which is charactcrued by a fever which lasts from 
i5t0 3oda>s profound anaemia prostration and a high mortality If the 
patient does not die m this stage the fever begins to abate and the erup 
tive or verruga stage commences If the eruption is generalized and 
abundant then it is stated that the patient sure to recover In the 
chronic or mild form of the disease which is said to comprise the great 
proportion of the cases there is moderate fever of intermittent or remittent 
character and pains m the joints are common more or less anaemia is 
present The eruption is said to be (he culminating feature in both forms 
and It appears under various types which according to the special charac 
teristics they reveal are termed miliary nodular or mulaire 
The nodular form or verruga peruana is evidently very rarely a fatal 
disease when uncomplicated with other infections 

Historical Review — From remote bistoncal times the inhabitants of 
Peru are said to have suffered severely from an obscure disease charac 
terized by fever anaemia and a nodular or verrucous eruption upon the 
skin Over four centuries ago during the leign of the Inca Huayna 
Capac thousands of lives were swept away supposedly from this malady 
and m the history of the conquest of Peru by Zarate published in 1545 
It IS stated that the disease is more destructive than smallpox and almost 
as disastrous as the plague itself Perhaps it at this time was sometimes 
confused with smallpox although smallpox is mentioned separately 
Later this author mentions that the Portuguese soldiers were afflicted by 
boils or warts of a very malignant kind and that not a single person in 
the army escaped them De la Vega also relates that during the i6th 
century a quarter of the invading army of Peru under Francisco Pizarro 
perished from this disease It was also referred to in Prescott s Conquest 
of Peru 

In 1870 a severe outbreak of fever took place among the workmen 
building the Central Railway between lama and Oroya and it is estimated 
997 
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that at least 7000 individuals died dunng the epidemic At this time the 
complaint received the name of ‘'Oro>a fever although it appears that 
It was not contracted in the town of Oro>a itself but lower down on the 
railway many of the patients being brought to Oroya where they died 
Bourse reported that all of the engineers superintending the building of 
the Trans Andean Railway contracted verruga and that half of them died 
of It Of 40 sailors who had deserted from a British ship and gone to 
work on the railway, jo died of the disease in the course of 7 or 8 months 
In 1906 out of a force of 000 men employed in tunnel work for the 
Central Railway 20a are known to have died of the disease Itappeared 
to be only necessary for the workmen to spend a single night m the infected 
districts in order to contract the malady 

Previous to 1885 there ensued much discussion as to whether Oroya 
fever and verruga peruana were related to one another or whether the 
latter was a distinct disease On August 27 t88s Daniel ( amon a 
medical student in Lima, and a native of Cerro de Pasco Peru (a town 
situated m the mountains far above the localities m which the disease 
abounds) attempted to solve this problem by vaccinating both bis arms 
with blood from a verruga nodule It is related that 21-23 days later 
he began to suffer from Orova fever from which he died 16 davs later, or 
on October 5 From this expenment the conclusion was drawn by Peru 
vian physicians that verruga and Oroya fever were only different stages 
of the same disease and this is the opinion which has been held generally 
by them since this time In honor of Carrion s attempt to throw light 
on the question the febrile condition which bas been regarded as the first 
stage of the malady is now generally known in Peru as fiebrede Carrion 

In 1898 the monograph of Ernesto Odnozola appeared which con 
stituted the most excellent and most comprehensive account of the 
disease which had been wntten up to that time 

Especially important contnbutioos have been made in Peru in recent years many 
nitb bibliographies by Batiistini Rebagbati Evcomel Mackebenie Coronado Her 
celles Sr and Jr XVeiss Maldonado Monge OrUrdo and others Space presents a 
review of these publications in the present article 

Etiology — Very conflicting opiuons have been held by many authors 
regarding the etiology of the disease and the unity of the two conditions 
In J905 Barton described in the red blood cells of two persons sick with 
severe malignant fever elements sundae m morphology to bacilli In 
1909 he noted the presence of these elements m stained blood specimens in 
14 additional cases and expressed the belief that they were protozoa and 
probably the specific agent of the infection In 1909 Gastiaburu and 
Rcbagliati observed the bodies described by Barton and stated that they 
were probably protozoa and might be regarded as the pathogenic organism 
in Carrion s disease However later a large number of writers regarded 
these bodies as products of cell degeneration or were doubtful regarding 
their etiological sig nifica nce (Woodcock tgzi Bassett Smith 1909 Wen 
yon 1926) thVHarvard Commission observed and desenbed 
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IQ detail these organisms and created the genus Barlontlla for them and 
named the organism Barlontlla bactHt/itfmts m honor of Dr Barton 
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Bartonella bactlliformis was also disc»\eredand illustrated in large numbers 
in the swollen endothebal ceUs espeoallj of the lymphatic glands the 
spleen and L\ er of cases which had died in the febrile stages Attempts 
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that at least 7000 individuals died during the epidemic At this time the 
complaint received the name ol Oroya fever, although it appears that 
it was not contracted m the town of Oroya itseU but lower down on the 
railway, many of the patients being brought to Oroja where they died 
Bourse reported that all of the engineers superintending the buildmg of 
the Trans Andean Railway contracted verruga, and that half of them died 
of It Of 40 sailors who had deserted from a British ship and gone to 
work on the railway, died of the disease m the course of 7 or 8 mont''s 
In igod out of a force of aooo men employed in tunnel work for the 
Central I ailway 200 are knov n to have died of the disease It appeared 
to be only necessarj for the workrren to spend a single night m the infected 
districts in order to contract the maiadv 

Previous to 1885 there ensued much discussion as to whether Orova 
fever and vtrruga peruana were related to one another, or whether the 
latter was a distinct disease On August 37 1885 Daniel Carrion a 
medical student in Lima and 3 native of Cerro de Pasco Peru (a town 
situated in the mountains far above the localities in which the disease 
abounds! attempted to solve this problem bv vaccinating both his arms 
with blood from a verruga nodule It is related that da)i la^er 
he began to suffer from Oroya fever from which he died i 6 dijshtet or 
on October $ From this experiment the conclusion was drawn by Peru 
vian physicians that verruga and Oroya fever were only different stages 
ot the same disease and this is the opinion which has been held generally 
by them since this lime In honor ot Carnon s attempt to throw light 
on the question the febrile condition which has been regarded as the brst 
stage of the malady, is now generally known m Peru as fiebre de Carrtoi 

In 1898 the monograph of Ernesto Odnoaola appeared which con 
stituted the roost etcellenl and roo<t comprehensive account of the 
disease which had been written up to that tune 

tspeciaffy important rontn&utions Iisve been made in Pen m recent years nsny 
with bibliographies by Bittistint Rtbaghad Cs omel Mickehenie Corjnado Her 
celles Sr and Jr Weiss Maldonado Monge Ortardo and olbers Space prevent* a 
review of the e publications in the present article 

Etiology — Very conflicting opinions have been held by many authors 
regarding the etiology of the dj ease and the unity of the two conditions 
In 1905 Barton described jn the red blood ceff? of two persons sick witfi 
severe malignant fever elements aumlar in morphology to bacilli In 
1909 he noted the presence of these elements in stained blood specimers in 
14 additional cases and expressed the belief that they were protozoa and 
probably the specific agent of the infection In 1909 Gastiaburu and 
Rebaghati observed the bodies described by Barton and stated that (hey 
were probably protozoa and might be regarded as the pathogenic organism 
m Carnon s disease However later a large number of writers regarded 
these bodies as products of cell degeneration or were doubtful regarding 
their etiological significance (Woodcock iprr Bassett Smith 1909 tVen 
yon 1936) Harvard Commission observed and described 
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baalhformis from both the febrile anaemic or Oroya fever stage of the 
disease and the verruga stage and the reproduction of the characteristic 
lesions of the disease by such culture an assumption of this nature upon 
scientific grounds would have been unjustified 

IIowe\ er two patients with both anaemia and Bartonella bactllijormis 
in the blood and verrugas also present upon the skin were observed but 
these were presumed to he concomnutant infcitions especially since as 
in a fatal case of Oroja fever there were no manifestations of a verrucous 
eruption either during life or at the autopsy 

Ertensive experiments in aninnal inoculation also conclusively demon 
strated that verruga was not caused by a spirochaete or other micro 
organism of that nature and was not related to the spirochaetal infection 
known ns yaws in which a granulomatous eruption upon the skin also 
occurs 

In igjfi the most valuable work regarding the etiology of the affection 
was performed b> Noguchi at the laboratories of the Rockefeller Institute 
in New \ork (fir t in connection with Battistmi of Peru) Noguchi by 
this tim» had greatly improv ed bis medium for the cultivation of Leptospira 
and protozoa and earned on studies upon the cultivation of Bartonella 
in New \ork Citv cultures having been prepared from fresh 
citrated blood taken from a case of Oroya fever and sent to him in New 
^otk Although bacterial contaminations occurred in the original cul 
tore tubes during the journey renewed attempts at cultivation finally 
yielded a pure culture of Bartonella baetlhformts on Leptospira media 

Four ilacaeus rhesus monkeys inoculated with cultures intradermally 
into the eyebrow and at the same time intravenously developed at the 
point of the intradermal inoculation nodules rich in cellular elements and 
capillary formation The animals also developed a remittent type of 
fever Bartonella bactlhformss was found m the red blood corpuscles of 
these arumals in small numbers and this organism was obtained again 
from the blood of such monkeys through culture However inoculation 
of the atrated human blood directly into rkestts monkeys was without 
result 

Mayer and Kikuth (1927) made further studies upon a patient with 
verruga who arrived in Hamburg In spleneclomi ed monkeys they pro 
duced nodules by the inoculation of human verruga lesions and in two of 
these animals there occurred severe anaemia and fever and Bartonella m 
the blood The direct inoculation of blood containing Bartondla or of a 
papule juice always resulted negatively However following Noguchi s 
techmque they failed to obtain cultures except in one instance and then 
only for a second generation and they suggest that the cultivation of the 
strains may vary Kikuth (1931) after Noguchi s lamented death 
received a culture from the Rockefeller Institute but in none of the 
monkeys which he inoculated with this culture did Oroya fever develop 
even after removal of the spleen However cultures of Bartonella bactllt 
formis were obtained from verrugas which had been produced in monkeys 
by the inoculation of the cultures 
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were made to cultivate this orpmsm on the available bacteriological 
media o[ that period but the*^e attempts were unsuccessful Howevet, 
monkejs were successfullj inoculated with material from human verruga 
nodules and these characteristic nodules were reproduced through a long 
senes of these animats On the other hand, a monkej inoculated intra 
venously with blood from two human cases of Oroja fever with anaemia 
containing large numbers of Bartonella bactlliformts in the ted cell did 
not develop any verrugas nor were there lesions found m them All 
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subsequent erpenmeiits of jbrs nature with healthy monkeys have like 
wise tailed 

Also a man whovolunteered was inotulatedcutaneously with a human 
verruga nodule and did not develop fever and anaemia or Bartonella 
bacilhformis m the blood but only a local verruga lesion developed 
exactly as occurs m monkeys The results of such etperimental work 
obviously did not demonstrate or pemiit the assumption upon a scientific 
basis that the pithological processes involved in the febrile ameroia or 
Oroya fever stage and the verruga stage of the disease were identical 
Nor did the histological study wi^ the technique employed at that time 
of pathologic^ material from Oroja fever or verruga permit of such a 
conclusion Indeed -without the successful cultivation of Barlonella 
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ajar baa also been employed On kU these media Bartonella grows very scanbly and 
frequently unsalisfactonly 

Jimmez and Buddingh (1940) have obtained a more satisfactory growth and shown 
the behavior of B bac U fotmis in developing chick embryo More recently Ceiman 
(1941) has described a 1 quid tryptone semm medium cental mg ascorbic acid gluts 
tbione solution and has prepared both semi solid and solid mediums On such media 
relatively rapid and luxunant growth of B haaU/armu has been obtained m com 
panson with the results on the older types of media 

Lawkowicz (1938} reported that he had cultivated Borfenrffs m t on Noguchis 
medium from the blood of rats The serum of rabbits which had been inoculated with 
cultures of BarlaniUa mans ga e po itive Y\eil Fcl t reactions with Proteus 0 \ 19 
and O \ X and also agglutinated emulsions of R cteli m prViia ekt Several other 
investi ators have failed tu cultivate Ba tontUa mutts 

Thus Kessler (1941) has been u able to cultivate S frii/m by inoculating infected 
blood directly into the yolk sac into the fertile hens egg He bowe er has shown that 
B mu It can bepresened for at least u weeks when the infected de&bnnated rat blood 
I rapidly frozen in a mixture of dry ice and alcohol and then preserved in dry ice 
Howe (1941) has prepared cultures on Geiman s media and by repeated intravenous 
infections of the living cultures into rabbits obtained a strongly agglutinating serum 
The sera of j immunized a mats gave positive reactions in titers of i6» to i 640 
He then obtained tbe sera from 6 patients in various stages of barlonellosis and found 
that their sera agglutinated the organism however at much lower titers ranging from 
< >0 to I 80 He ne ertbeless regarded these reactio a as signiSeant because 13 
control sera from healthy persons showed no agglutination of B boctHt/ern is Th 
6 positive sera of the human cases were also tested agaiost Proteus 0 \ 19 0 \ K and 
0 \ s Some of these seta aggtui Dated all 3 of these organisms to some e tent 3 
reacted in t ters of at least I 64 ndstoOXi9 toO \ K and 3 to 0 \ He d ew 
no conclusions from tbe e eactions Highly immunized guinea pigs ga e entirely 
negati e eaction to all of these Proteus ganisms fSee ais p ge 01 ) 

CJssstfieahos.— There havebeeose eralviensreg rdngiheclassi5rsliooof^ / n 
The genus Bt to II was created m 19 3 by Tyzzer ‘lellards and the w titer in 
connection w th the study in Peru of the causal ve microorganism of Oroy a f eve and 
verruga peruana while the term R cktils a was fi st appbed cn 1916 by Poeba Lima to 
the cellula inclusions ob erved in the mte tines of lice w hich had fed on patie ts with 
typhus fee Gradually ou knowledge tegirding these two types of m c 06 ganisms 
has been extended Some ea 1 er studies suggested that both m gbt be classified in a 
group inte med ate between tbe protozoa and bacteria Von Prowaaek formerly 
thought that the Rickelltio were probably closely related to the protozoa flow closely 
either type is re! ted to bacteria is still not ent ely clear but there has been much evi 
dence wh ch has made t appe r ad isable to separate both from the t ue bacte la on 
the one hand and from the fUltable viruses on tbe other It h s been generally agreed 
that bartonellae are not filtrable and odIv a few of the mo e m nute rickettsiae hav 
been eported to pass through po cela n filters 

The bartonellae and tbe nckettsiae show certain resemblances fr m a morphological 
standpoint Both ate minute 0 pleom ph c n cha acter and they ate Gram neg t ve 
nnd in the human b dy more characteristically intracellular m natu e Ho e er there 
is a cl se ass c tion between the ed bio d co pu cl s and Batlonello and this s n t 
the case w th any R ck llsia Moreover BatloiuUa are f qu ntly a ciated with 
types f anaem that ate n t ob v d in nckett al infections The evidence in 
favor of thet ansmi s onof bothBortondfuandKici tfj oby 4 thropoia Ontheother 
hand It IS generally agreed that n neofther ckettsiae which arerega d d as pathogenic 
h ve yet been cultivated outside of tbe body except n t ssue culture while the extra 
^lul r culuvation of some of the speaes of BartontUa has al eady been accomplished 
^e efore n th last respect tb Ba / U may be said to approach ne rer bacteria 
than R kcllsi Howeve it should be eznphasu d that the Bartonella can ordinarily 
0 ly be first solated cultivated in special med a as N gu h s lept sp al med urn 
The me B I nia wasfistgvnin na bde published in the /I 4 1/ 4 n 
913 Thegene c name was changed th tsamey to B f II (Ha vev lectures 
'9 3-14) 
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Tix Harvard ComntissJOB o! tgn vm also al>I« to confirm ihe culiivatjon of 
6tfr<a»ie/f(» t^^/ormcr on Notucbi«aiediuiaf(vt& rases bothm thelebnJe Oro)'aie\eT 
stafe and tn the eruptive verruga st<age and to produce verruga lesions jn monlteis by 
the mocuUdoT of such ctihures AH attempt to produce fatal Oroya fever m bealtfiy 
tnonfceys hj the muavenous vniection erf infected blood failed and in onlj one ©Miry 
that died with luhetcu!Q^J^lnfectloo wasa mtld Sarlonclla infection of the Wood noted 
it necropsy 

In ipai-ioJi Mayer observed atmrhr tructuces tn the red blood corpuscles of mice 
% bicii had been treated with Biye *04 (or trypanosome (o/eetjon To thrsehe gave 
the name of BarionrUa wiins Latent saisWn that the «ame organism appeared m 
an anaemic condition foilo >ing splenectomy in rats U 1 thought that Iha oper 
alien had stimulated a latent infection Other pecies of Barianeila have bceo described 
in dogs monheys and guinea pigs (Mcmman iqjd) ard reports on the culiivaliori of a 
nunibef of these organisms have afso been made 

Motphofogy -^In stained and filed preparation of blood Cotitainmg Bortoselta 
hotjJfj/urmir both rod shaped and rounded (otinsoc (ir;n the red cells The rod shaped 
forms measure approiimatefy from 1 tn ayiin length and from o » too Sf/ra linciness 
They are frequently slightly curved and occur singly or end lo end in pairs orw cbwos 
of j 4 and s ''Tien nntnetous thev often l« paraffef to one another V forms ptob- 
aWy tepresenling dividing organisms ate frequent T fotnis ace also not oaremmon 
Tht ends of the lods in stained preparations at« often mor« intensely colored Single 
rods sonetimes show a deep red or purplish granule ihicH may be of the salute of 
chThmatan and which gives lh« ipptarance of a sweUiog a t one etir emity the reel of the 
rod having a more bluish tint someUmes slightly deeper at tbe erid opposite the one 
showing lie granule Other rods way be blue throi-gboui or have a deeply slaioed 
granule at each end Tn orgamsna occurring in chains the deeply stsmmg granules 
soinetsmes give a beaded appearance to tha chats 

The rounded forms measure roughly from 9 ito ifi m diameter ^hile many of 
these are rounded others are shghlly oval or suggest pear shapes They occur singly 
ID pairs 01 in groups which suggest previous divi ton 

Tiered cells may contain a variable number of parasites /n severe lafeciions from 
1 to 10 IB not unusual Nucleated ted cells a* various stages of development are of 
frequent occurrence and ate sometimes infected mlb the parasites Barely BorfsntWo 
may invade the leucocytes of the bfood as was noted especially by Weinman t( al ti 
Peru (1937) From tbe anaemia which o can in this disease and the number of red 
cells infected with parasites it seems evident that the red celis conla rung the parasites 
are ultimately destroyed 

Borfiiticlio ia illi/ortnis also occurs olten m closely paelced masses in the siroJVn 
endothelial ceils especully of the lytophalic glands spleen liver and tidneys In 
cases which die in the Oroya fever stage the endothehal cells hning the blood and lymph 
channels of many organs may be distended with clusters of Bsrtanelta In the endo 
ihclial cells of the cutaneous verruga nodnlts Borfonrlla was also encountered some 
times in very large numbers but d jtoilion of the cells is much less comrnon than 15 seen 
in the cells of organs of the Oroya fever cases is also encountered in simiUi 

lesions produced in monkeys 

RectHl iUlhois pf Cullnalun amf 5tiidy — Pmkerlon has cultivated Bathnilts 
in tissue cultures and has found that in early cultrcfes small spherical clusters j to loy 
uj diameter of sharply stained diplobacillary rods appear 10 the tel s Later usually 
by the amb day many cells are packed with clusters sJ less discrete organisms often 
eoccoid granular or amorphous accirately i^moduring the picture seen in human 
ly®}* endotl elium from fatal eases ol Oreva fever He found this characteristic 
pattern in tissue cultures made frpj» »be N«»d from the severe anaemic cases of Oroya 
fever as well as from cases with cutaneous vemigous noduUs 

tVwoinan and Pinkerton frpjS) have mommended for cultivation of Barlo»e!ls 
the agar lant modification of the Lawfatetrer \faitlatid method recently devised 
by Zinsser M « and Fitzpatrick fos the cultivation of nckettsise Fresh blood serum 






1004 


EPIOeUIOtOGV 


In some respects they resemble Bactmum tataume another minute organism which is 
cultivated more easily than the Battontlla but which also requires special culture media 
for Its satisfactory cultivation notally cystine agar or an egg medium made entirely 
of the yolk B tulauntt like the Bnrfoiiena shows a tendency to muluply intracellu 
larJy and to form large masses of globi or microorganisms within the endothelial cells 
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Geographical Distribution — ^Verruga peruana has been regarded as a 
disease peculiar to Peru m that it had not >et been found to originate m 
man to any extent m any other country of the tv orld How e\ er, recently 
cases have been discovered m Colombia by Patino Camargo (1939) 
and m Ecuador by JIontaKan &. Itforal (1940) * 

Rebagliati (1940) gives thw limits of the geographical distribution in 
South America as that region of the Andes betw cen 2 north and 13® south 
Even withm these latitudes the infection is endemic only in the deeply 
cleft narrow valleys called quebradas formed by elevations of the chains 
of mountains and the infection is only endemic at altitudes between 800 
and 3000 meters above the sea level The climate m these valleys is rela 
lively hot in the day time but cool or cold at nij,ht They arc watered 
by mountain streams and by rainfall TTie vegetation is peculiar and 
scanty consisting especially of Terophytic or euphorbiaceous types 
except where there is direct irrigation from numerous aqueducts led from 
the river which Bows through the valley here fruit trees are cultured 
Insects are prevalent especially PhUbotomm vermcanm and P noguch 
and Anopheltt psettd<}pitncltpenntt and A argyitartts and species oi 
Culev The permanent inhabitants are few and most of those who reside 
in the endemic regions are infected with the disease In such regions 
Rebagliati points out children are infected in very early years and those 
who visit the region for the first lime usually become fatally infected if 
they do not take prophylactic measures He outbnes the geographical 
distribution m Peru as prevailing in two regions (i) the Pacific water 
shed which includes 21 zones which correspond with equal numbers of 
hydrographic formations that spring from the western slopes of the Andes 
and run to the Pacific and (2) the Marafion watershed which is the region 
surrounding the 18 rivers tributaries of the Amazon 

In Colombia the disease has been reported by Patino Camargo (1940) from a jungle 
region the Department of >arino near tbe E^adonan border and in Ecuador m the 
Province of Loja by Montalvin and by Moral (1940) near the northern Peruvian 
border of the disease In Nanflo the d sease occurred in severe epidemic form in 
uitlj a Ingh moitabty and under similar ecological conditions to those present 
in th endemic regions in Peru It was identified by I atino Camargo as bartonellosis 
This fact has been thoroughly confirmed by Groot (194s) and his associates who also 
found that the serum of the cases showed no agglutinaUon to any of the Proteus 

organisms or of to typhoid orparatyphoidbaeiU or Crt ella 

Asymptomatic cases of the disease residing in the Verruga zone have been dis 
covered m Peru 'Mackehenie has reported the presence of Bartonella in the blood 


Hettie (1940) has isolated B bactlhformts from the blood of a suspected case of 
the disease in Ecuador The orgausm was inoculated inlo a South Amencan monkey 
probably a species of Cebus m the left eyebrow and left side of the abdomen and verruga 
peruana nodules developed 
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Id cases which have died in the Oroja fever stage at autopsj the skin 
often shows the pale jellowish wax> hae of pernicious anaemia The 
lymphatic glands are usually somewhat enlarged and may be oedematous 
The heart muscle maj be flabby and ecebymoses may be present in the 
pericardium The spleen is enlarged It may show numerous infarctions 
and contain large amounts of pigment m the form of yellowish masses or 
granules deposited between the splenic cells and in the endothelial leuco 
cytes This pigment is hke melanin in not giving the iron reaction The 
liver likewise is enlarged infarctions may be present and areas of toxic 
degeneration may occur and contain moderate amounts of pigment The 
femoral marrow is soft and dark red Microscopically the endothelial 
cells of the lymphatics distended with the causative organisms were par 
ticularly noted by the Harvard Commission of 1913 Barlcnella bactllt 
fomis is found in the red cells and in addition particularly m the cells of 
the reticular endothelial system The vascular endothelial cells especially 
of the lymph glands spleen liver and sometimesof the kidneys are often 
invaded with dusters of organisms 

Microscopical examination of the cutaneous lesions present in the 
verruga stage show that the lymphatic channels are often obstructed by 
a cellular exudate and around such lymphatics plasma cells and flbro 
blasts are encountered There is marked dditation of the capillary blood 
V essels The structure of the nodules is granulomatous and v ery vascular 
in places almost cavernous hence the tendency to haemorrhage The 
early lesions consist of newly formed blood vessels lying in an oedematous 
connective tissue The endothelial cells hning them may be proliferated 
and in more than one layer Around these blood vessels there are aggre 
gallons of acgioblasts which show frequent mitotic figures The lesions 
in the early stages are particularly baemangiomatous m character Later 
they may show a resemblance to fibrosarcoma Especially in tissues 
prepared by Regaud s fixation followed by staining with Giemsa Barton 
ella are often demonstrable in the cudothelial cells of the v errugas though 
these cells in the verrugas arc not distended with the microorganisms as 
commonly as they ate in the endothelial cells of fata) cases of Oroya (ever 

bYuirroaiATOLOuY 

Verruga peruana or Enjtrmtdad de Carrion may include two very 
different clinical syndromes (i) a severe often fatal febrile anaemia 
(Oroya fever) and (2) a cutaneous verrucous eruption of haemangioma 
like nodules (verruga peruana) 

Oroya Fever Stage 

The incubation period is usually given as about 3 weeks (16-22 days 
Escoroel 1938) and the onset of the disease is marked by malaise and 
apathy to be followed by a rapidly developing anaemia of the pernicious 
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of persons not presenfioff aay symptoms ami positive cultutes of S<tri<fnclh taw b«n 
obUtntd in suck cases by Battistini \\etBOMa and others Weinman secured positive 
blood cultures from s persons in ntjne of whom could BoriandUe b-e found in blood 
films Three of the cases had no p«sth»tecyo{ infection Theotherleo 

gave a history of cutaneous verruga 6 months previously It is suggested that such 
cases may constitute an important rfs«voir of the virus It seems possible tfcst 
certain vertebrate animals may play a similar rale but this has not been successfuBy 
demonstrated 

Weiss and Pons (rgjS) have shown the infection of dogs with Barlaisellj cmt in 
Peru sometimes producing a fatal infection with anaemia The organism honcver 
apparently is different from the huroan one No cutaneous verrugas were observed 
Samper and Montoya (1Q40) report that m Colombia the common dog was found to be 
quite susceptible to esperimental infection in almost all cases Many developed 
verrugae and some died of the disease 

Verruga peruana prevails particulariy from January to ;tpnl towards the close 
of the warm rainy season when the streams ate tn flood and the temperature is high 
and moist and when insect life is abundant and! nuUris alto prevails Enteric fevers 
and e pecially paratyphoid and malaru are very common m the localities «here 
Oroya fever is endemic 

TVaasmiscion —'Townsend in tgts con jcctaccd that therasect vector uasasaodfly 
Further evidence incriminating P fVegwAii and P verruearom nas obtained by Xogu 
Chi Shannon Tilden and Tyler in rqtd AndJJattisiiai (ipjr) reported that thebiieof 
PA/iJolojiuiJ can produce infections In the monley Two monkeys inoculated with 
crushed flies developed lesions and he reported cultures of SsrioKeHa from PMeMcmt 
ffetUg (1937) also demonstrated that in ucuoDsotPhleMeiriKSteri'uearumtndPMflo 
lomuj riogiieAi fed on Oroya fever cases the Bartonella like organiims may be prssent 
In the lumen and on the surface of themidintestme without how ever any invasion of the 
epithelial ceils No definite trsnsmitting erperimenti to man with the living insect 
have so far been accomplished However in hti tranientssioo eaperinents with wild 
sandflies Hettig succeeded in infecting 5 of 6 monkeys He elso observed an organism 
resembling li iactlltfurmit in tb< proboscis of eertam sandflies Ilertig (194s) tn 
further investigations has found massive infections of the tip of ihe proboscis of PAMd 
tamiiJ with a minute rodhke or coecoidorgamim They bav* been foujid in both males 
and females of three species of the flies from the Peruvian \ erruga tone Over 30a such 
infecboDS have been observed The proportion of sand flies infected nas frequently 
as high as 40 or JO®' Thecharacterof theprobososinfecuon astomicroKopicappear 
ance intensity and distribution on the mouth parts was remarkably constant and 
apparently bore no relation to ipeaes se* age or the presence or absence of a blood 
inea) 


The source of proboscis iftfeclJODs be states is unknown Its occurrence in male 
files which do not suck blood and infemales viiuch have never had a blood meal lodi 
cates that the juJection is probably acquired when sand flies seek other sources of 
liquids Out of about 300 uncontamioated cultutes of the proboscis B ianlh/efi’it} 
has been recovered twice and an on natiKd micro organism of similar morphology 
about 30 times There was some dilScully w the primary culture of the proboscis 
organisms sit»ee about half of the uncontanunated cultures yielded no growth wbatsQ 
ever Ife concludes that the data thus far are uisuOlcieDt to make clear the extent 
to which Battoneiia enters into these infections end whether or not they represent the 
medianism of transmisswa of Camoa s T>ixate Jlerhg has been carrying on these 
studies since 1937 sod his most imporlanl work should be read by all interested in the 
subject Briimpt spent 10 days in banftoin agyp Among phicbotoinus hecollected 
and took back to Ians for classification were specimens of 3 different species t vo of 
\ hich had not been de cribcd JlrumptieponednoattemptsatexpcrireenCalinfectioii 
and It is not inoi n » bether these speocs bile man He says none 0/ ihe species nhicb 
had been found m Peru " rre euemmtered »n Cotowba 

Considerable other evidence has been obtasned of the trafisraissioa of other species 
nf Rarfonr/ia by Aithropoda Ttaasnnstwa of Sarlamth tarns is known to occur 
through the dog^fiea (Omocef/ialus) (Ktolh) end BafUnftla murss by the rat louse 
(Mayer) and est flea {Tw/oylo cAeo/ur) The Jransmw^oo by the 
«t 1^2 showam the Umled Stale* by Cannon and hfcCiel 


land (193^) 
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With a more or less general eruption of verruga — and acute cases in which 
there dominates an intense anaemia with poorly defined febrile reaction 
usually ending with the death of the patient (syndrome of Carrion or 
Oroja fever) those who escape death present al>o verruga eruptions 
Between these tw o clinical crtremes 
there are a series of intermediate 
cases varying in quantity quahtv 
and duration of the symptoms 
which gives to every patient an 
individual clinical aspect Ml 
types of cases arc metwith from the 
simple afebrile case of verruga with 
cutaneous lesions to the fulminating 
pernicious anaemia type In less 
marked cases of Oroya fever we 
have the onset of verruga lesions 
during convalescence Persons 
who have had either Oroya (ever or 
verruga are said to remain immune 
to both 

Xersuca Peruana Stage 

\ erruga peruana is an infectious 
eruptive disease lasting a or 3 
months and characterized by 
successive eruptions exhibiting a 
types of lesion — ibc miliary and 
the nodular — both of which ^ow a 
pronounced tendency to haemor 
chage and sometimes to ulceration 

The period of incubation is often 
indefinite and has been said to 
vary between 30 and 60 davs 
h-uczvnski (1938) who inoculated 
himself on the arm with several 
cultures of Bartonella expenenced 
symptoms of marked asthenia 
articular pains and a fever which 
reached 40 C such symptoms 
beginning 17 days after themocula 
tion and followed shortly afterwards by the development of 2 large 
V errugas on the forearm and a senes of sm^ ones of tJie milnry type upon 
the forehead eyelids and legs 

The onset of this stage of the disease may be characterized by rather 
severe pains of the joints especially the knees ankles and wrists together 
with a fever sometimes reaching 104 F but usually not above 100 F or 
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aiuemia t> pe, with an irregular fever of a remittent character fluctuating 
betn een ioo“ and loz^F and only exceptionally going up to 104 F Pams 
in the head yoints and hones are common The tenderness over the bones 
IS apparently associated with the narked changes m the bone marrow and 
may be particularly marked over the sternum 

The patient rapidly develops a very severe anaemia and death results 
in 20 to 40 per cent of cases in 2 or 3 weeks Debrmra is often noted The 
spleen and the lymphatic glands are somewhat enlarged A sociated with 
the proiound anaemia there mav be oedema of the legs and about the 
joints and functional cardiac murmurs The kidneys are not generally 
seriously affected although albumin is apt to be found m the urine There 
may be a diarrhoea in the later stages of the disease There is no eruption 
m the severe febrile stage In severe cases, various manifestations of 
haemorrhagic character, as petechial spots and bleeding from the gums 
have been recorded 

The most important findings m the disease are those m connection 
with the blood examination fhe tod shaped organisms, which arc 
believed to be the cause of the disease are difficult to observe m fresh 
blood preparations They may show definite rootihty w ithin the red cells 
patUculatly after warming the blood slide In Romanowsky stamei 
preparations the i to 2 micron long rods within the ted cells may occur 
singly or m numbers of 4 or 5 V shapes are frequently seen The rods 
show a bluish staining with a deep purplish red cbtomaim stained granule 
at one extremity Rounded ovai, or peat shaped forms may al 0 be een 
While the parasites are present m great numbers in sex ere cases they may 
be verv scarce in mild forms of the disease Noguchi considered the 
making of cultures superior m diagnosis to the examination of stained 
smears 

Blood — Barlonella bactUtfomti may produce in man an anaemia of the 
greatest intensity and rapidity The hi**mog!obin may be reduced within 
s weeks to 0-30 per cent and the red tells number 1,000 000 to 2 000 000 
sometimes less than 1 000 000 with the color index usually greater than 1 
The anaemia is usually macrocytic m type, while anisocytosis and poiblo 
cytosjs are marked features Reticglocvtcs, normoblasts crythrobiasts 
and megsloblasts may be numerous in the peripheral blood The bone 
mattoxv IS hyperplastic the reaction being of megaloblastic type In 
severe infections over 90 per cent of the red blood corpuscles may be 
parasitised The leucocytes are usually increased and may number about 
0 000 of which 60 to 70 per cent are neutrophilcs Immature neutro 
philes as the metamyelocyte ate very common 

If the individual does not die in thi anaemic stage within a few weeks 
a gradual improvement in the constitutional symptoms takes place and 
then frequently an eruptive or verrucous stag** follows w hieh is character 
ized by the appearance of papules or subcutaneous granulomatous nodules 

Ribeyro states that in the climcrd evolution of the disease there are 
benign cases — irregular febrile periods accompanied by variable phe 
nomena generally painful and a certain degree of anaemia which ends 
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genera represented and that one or more strains of each genus might be 
present 

An exception to the traditional a lew has been found in a recent article 
bj the Peruvian physician E Escomel (1938) who under the heading 
Bartonellose Jrusle relates a case with low grade anaemia and fever with 
Bartonella in the blood in which after treatment the fever and Bartonella 
disappeared without the appearance of any eruption to Escomel s great 
astonishment Escomel also in a discussion of Bartonella bactlhformts the 
agent causal refers to the fact that the histoid or eruptive stage may 
be macroscopic or microscopic but he does not say whether the micro 
scopic eruptive lesions were detected during life nor does he describe them 
m such connection 

Mackehenie has reported the presence of Bartonella in the blood of 
persons not presenting any symptoms of the malady and Battistmi 
Weinman and Hurtado (1938) have secured cultures of Bartonella from 
the blood of apparenlW healthy individuals living in the verruga zones 
FitUluga (i9sS) who has studied Bartonella ■ lections in rats and m dogs points out 
that human Bartonella uifectioR is not comparable in its evolution with the infection 
of animals caused by B murts and B eantr or to the d sense m monkey s caused by the 
laiection by B baectll formtt and (hat the last organ sm should be sepa ated from 
other members of the group 

^eiss of Lima (1037-193S) in an inpottant and interest g article suggested that 
at the termination of the Oroyafe n or haematic phase the v ros becomes hied in the 
t ssues and the h stoid reticulo^ndotheli 1 reaction so produced leads after a varying 
interval to the production of the verruga nodules Thus the fo mation of the verruga 
nodules by the proliferated reaction of the angioblastic or reticulo e dothelial cell 
partakes of the character of an allergic reaction In the second histoid phase there 
may be a reaction either with or with ut eruption 

Howe ( gay) has c med out eitensi e m n I fu stud erne ard to the d s a e 
with special eftrente lo the gglulinaiion tests lU reports that a measutabla titer 
f agglut mns 1 p obablv ot p oduced in all pe ns with Oarr on a d seasc Un the 
oth ha d It appea s that aggiuUn s when they do occur ar detectable m st ften 
dufin the ea ly acut naemic stage (cl n cal or subcl n cal Orova fe e ) hen blood 
cultures a e regularlv p t e for B toe It f rmis and the pa asite is oft n detectal le 
nth bloodsmear Fr m ob e vatiMls made on several pat ts atdiffe tstagesof 
th dsaseit ernedp table that the titer of g luUnins rises ndm stoften hesa 
peat just p 1 : t the app a ance of th eiupti n In the maj nt\ of ca es m h ch 
erupt ns occu tei th e wa apparently a decline in t te as the erupt 0 1 p re se 

and finally sul s d s In the maj tv after all e d nee f e upti n had ub d d 

a glulin ns i e found m the serum In many n tances bio d c Itures pjs ti e f 

I baallformi j r isted bnge than a p sitive ae lut n ton te t H thou ht it 

u hkeh th t lut s play anv may paitmth almost un e 1 actjui 1 mmun ty 
wh ch he thought f 11 ed the tvpied cl cal disea o in the app t nmunity 
"hichraghtb prese t tn long term ident I demic center h denvjath t > 

of th nfect on Nonramunep sons wh had rec dfrmaldehvd t ated vaccine 
de el pedagglut mnsbutappa ently theseagglut n didnolpre ent nasimpt ra tc 
I f ct from occu mg when u h person e e cap d t ih disease in n e dcmic 

eg n as cultures mad from Iheir bl od etealetl th p e e ce ol i It f rr> 

A1 0 h repo ts t is e idcnt that adm tatinof pcfchyi rimrau c rabbit 

um f h gh aggl tmi titer d esnot t haethebl <1 l am compl t l\ meases f 

seve O or fe The ag Inti at on test dd ctscemtobe f great use therm 
det m ni g pa t nf ction or i estimat r the degree f mmunity n persi ns ho 
c! imed to ha e had Carr on s d scase In the mayo ty f the cases t did not o cur m 
dilutions bejo d I o n 4 cases it o curred n d lution of 60 II we says that 
en m the lowest dilut onsofseram the te t sth u htt be of diagnostic sigmtican e 
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the fe%er maj not be noticed (otlowin^ the eioption the tempcratuie 
usually subsides to normal jn a few da>5 The eruption shons 2 t)pes 
the one with numerous, small ^ art like lesions not exceeding the sj-e of a 
small pea (2 to 5 mm )— the miliary tjT>e and the other, with less numei 
ous but much larger nodular mass»~the nodular type The latter tjpe 
IS more rarely seen than the former 

The Miliary Type —The eruptioa is most abundant on the face and 
extensor surfaces of the extremities and less common on the trunk In 
this tj pe a pink macule appears which rapidly takes on a bright red color 
and becomes nodular These nodules maj be flat or somewhat peduncu 
lated and bleed easih At first smooth and shiny, jt later oa «hrjvfl^ up 
w I thout leat ing a scar This form of the eruption may involve the mucous 
membranes as of conjunctivae nme pharjnx etc In children the 
disease is usually of a mild type 

The Modular Type — The nodular eruption develops slowly and the 
lesions may become as large as ft pigeon’s egg They tend to become 
strangulated and then show as ulcerating fungaling masses which ate a 
source of danger from haemorrhage, (Mulaire lesions) The nodular 
eruption docs not invade mucous membranes and is usuallj confined to 
the regions of the joints as flexures of the elbows, knees, etc The erup 
lions tend to come out in crops and the duration of the d>«ea>e extend> over 
« or 3 months The nodufcs are formed by the proliferation of the endo 
thelial cells of the vessels angioblasts many of which have become 
obstructed with inflammatorv exudates consisting especially of plasma 
cells and fibroblasts 


General Co(.sto£RATioNS 

In none of the lower animals m which SarfontlCa infection has been 
reported has a verrucous stage of the disease been observed and the 
presence of verruga lesions has never been obscrv ed at autopsv m any of 
these animals The nnter still inclines to the opinion that m man, just 
as in animals Bartonella infection may sometimes pursue its entire course 
without the appearance of a verrucous eruption and either terminate in 
death or rtcoverv That the former is true seems to be generally agreed 
However apparently the traditional view in Peru until recently was still 
to the effect that if the patient is to recover the verruga eruption either 
<c2nty or profuse must ocevr Tyzzer who has especially siudied the 
organism m the ted cells of the field vole m x pxper published with U em 
man (igv?) has proposed that the organism in the mouse described bj 
Mayer (1921) and the one m the vole should both I e classified m the genus 
Ha**mobartoneUa indicating that both ate found only in red blood cor 
puscles and not in other cells as is B bariUifornus This brings up aiain 
the question of whether one species of Bartonella produce only Oroya 
fe erandaserondoneamildertvpeof infection wilhaverrucouseruption 

Napier (1930! points out that if this differentiation applies in the case 
of Barlonella infection in man another explanation for the variations m 
s) mptomalologv can he given namely that each infection may v ary in the 
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However thegeneral opinion among a number of the most conservative 
Peruvian physicians today is that the severe infections have not been 
favorably influenced to any great extent by this drug or any other drug 
treatment or by transfusion of normal blood Cases which we observed 
treated with this compound 386B and other antimony compounds were 
not noticeably fav orably affected Such drugs were employ ed m three of 
the cases we observed which resulted fatally Ribcyro (1940) at the con 
elusion of his monograph stales there is no specific therapeutic treatment 
for this disease Treatment should be designed to building and strength 
enmg the resistance of the patient who is suffering with the syndrome of 
Carrion and an attempt should be made to supply the orgamc elements 
that have been destroyed to foster blood regeneration and to excite at 
the proper moment m the evolution of the disease the defensive functions 
of the reticulo endothelial system Hence the successful treatment of 
severe Bartmtella anaemia m man would appear to be stiU an unsolved 
problem 

In the treatment of cutaneous verrugas the ordinary prinaples of 
cleaiUiness apply to the care of the lesions to prevent secondary infections 
^Vhen the large tumor like masses begin to ulcerate or become gangrenous 
some advise that they should be excised It must be remembered that 
dangerous bleeding may occur at unexpected times 

Howe has prepared an immune serum of high agglutinin titer in 
rabbits by Che intravenous administration of large amounts of B bacillt 
Jormts both in the fresh and m the formaldehyde treated state The titer 
was usually 1 sbo Three cases of severe Oroya fever were treated A 
man of 51 another of 21 and a lad of 15 years The first had 10 cc daily 
intravenously on the 20tb-34th days of the disease having 50 cc m all 
The man of 21 had on the 2istand 26th daysof illness toocc andijocc 
transfusions of whole blood (the donors had never had Carrion s disease) 
andfrom the 23rd to the 27lh days locc dosesdaily of the immune serum 
The boy of 15 had a total of 60 cc namely 10 cc on the 8th lolh 12th 
13th 14th and 17th days of illness In none of the three was there any 
V ery dehnite change m the clinical picture as a result of the serum therapy 
However in the boy the typical miliary eruption appeared unusually early 
on the 14th day of illness Whether there were any indications of serum 
sickness is not stated In allthrce there followed shortly after the injec 
tions began an appreciable diminution in the percentage of ery throev tes 
infected w ith B baalliformts as determmed by examination of blood films 
and Howe thought that the reduction appeared to be more gradual m 
other cases which had not received immune serum He also noted that 
in these 3 cases a diminution occurred in the number of colonies of the 
organisms obtained in cultures taken during the time the treatment 
occurred The type of colonies obtained in cultures taken before and 
after administration of serum indicated a change from finely granular and 
diffuse growth to a coarse and sparsely scattered type of growth These 
changes were retained m transfers from original blood cultures and their 
significance is not clear It remains to be determmed whether the change 
m the number of infected corpuscles was merely coincidental with or was 
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Complicahons and Prognosis — ^Tlie disease is (requenth complicated 
with mahtia Paratjphoid feset has also been a common complication 
and Rebejro believes that when this infection coeiists the prognosis is 
rendered much more unfavorable fhe \ ery severe febrile anaemic cases 
usually result fatally Thos^ with verrucous eruptions frequently diovy 
few unfavorable sjmptoms and are very rarely fatal unless complicated 
by other infections 

In children the disease is often mdd Latent forms of infection without 
apparent symptoms have been shown to exist 

Mera (1943) has summarized the present Inowledge of the subject 
and some of the investigations performed recently by Peruvian and 
Colombian phy sicians 

Treatuevt 

Treatment which has been found successful for other macrocytic 
anaemias as pernicious anaemia tropical nutritional anaemia and sprue 
is not effective m Bariouella infection m roan as might be expected 
since the former are deficiercy diseases and the latter an infectious one 
Kuezyn ki (1937) believed that vitamins, and especially vitamin Bi 
produced a fav orable effect on the infection There bav e been a number 
of reports of the efficacy of the administration of iron and copper in the 
infectious anaemia of rats which develops after splenectomy Peila and 
Gottesman have reported that when the animals are fed iron and copper 
before the removal of the spleen B-r/ lef’i. infection does not develop 
Perla believes splenectomv causes increased elimination of copper and 
states that animals on a normal diet do not receive enough copper to pre- 
vent the development of the infection after the spleen is removed It » 
also stated that neosalvatsan administered before splenectomy prevents 
the development of the anaemia m tats and if administered after the dcvel 
opment it has a marked effect Jn the treatnaent of infectious anaemia of 
dogs, which anaemia however is seldom severe (mat least some localities) 
and death is infrequent neosalvatsan is said bv Kikulh to exercise a 
specific effect However this is not the ca^ in human Barlonelln infec 
tions It has been conclusively shownbyanumberof Peruvianpbysicians 
that the most severe anaemic cases usually result fatally in spite of such 
treatment Kikuth has recently (1937 and 1938) written of the value of 
an arsenic antimony compound designated at S D T jSdB, which con 
tains 18 per cent of arsenic and zopet cent of antimony, a brown ponder, 
readily soluble in water It is stated that the lethal dose for rats is 750 
mgm perkilogramandthewelltolciateddosesoorngm pcrkilogram In 
heavy Barhnella infections »n rats o a mgm jer kilogram is said to be 
effective and to have a specific action Likuth further states that 
hlanrique has obtained noteworthy results in the treatment of 14 cases 
of Oroya fever m Peru for whicii he admits hitherto there has been no 
treatment other than symptomatic Dose of 0 r to o 3 grams repealed 
two or three times brought about disappearance of Dartonel'a from the 
circulating blood and mtiated an increase in the erythrocyte count and a 
rapid improvement in the general condiUons 
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directlj consequent on the injections thougii this suggested that the serum 
hid some effect m clearing the or^msms from the bjood stream 

Prophylaxis 

Proph>laxi5 consists of avoiding the endemic districts after nightfall 
If one IS compe/fed to reraam in them be should protect himself after «un 
down beneath a mosquito net with a fine mesh, or be in a screen proof 
room It may be recalled that Shannon while studjing the epidemjo 
logical conditions and the question of transmssMon and while collecting 
insects Jived for over 4 months in the endemic -ones Nevertheless bv 
e-rcrci mg such precautions he protected himself from infection 

It Is difficult to find or to eradicate the breeding places of P/iW ' ms 
in the endemic. zones 

Human cases of the disease, either active or as latent infections con 
stitute reservoirs of infection m such regions 

PROPIIVXACIIC IaaUM 2 \T 10 'J 

Howe and Ilertig (104 ' report tlut a group of 22 guards without 
previous hivtorj of Carrions disease were inoculated subcutaneous!) 
With j mi of formahrtd Bartonella varcme prior to beim, stationed m the 
verruga eone Most of them receive 1 1 or 2 more injections during the 
first 2 weeks of theit etvice fhe majority of them were examined by 
the authors during the ensuing, 7 months blood for cultures and serum 
being taken from each guard on several occasions The subcutaneous 
inocuhtion of the vaciine resulted in the appearanre of agglutinins in 
their serum From the blood of i or 5$^ B iaei/hfirwir was cultured 
on one or more occasions during the time they were m the verruga /one 
subsequent to their inoculation with the \ 4 ccme The authors Ihougt’t 
their results eemed to show that active immuniettion as thev carried it 
out although not preventing infection mav defmuelv ameliorate the 
course of the disease Five out of the i* developed v mild eruption and 
j had shorter or longer periods of mid sjstemic irtectionv 

Rprf RKVCES 
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The study of the deficiency diseases since the last edition of this book 
has become a specialty Also the literature upon the subject is now so 
V ast that recently several special text books relating to the vitamins have 
been published 

Dr George C Shattuck for a number of years has been devoting special 
tud> to the defi.ciency diseases and he has kindly agreed to summarize 
OUT modern ideas on the subjects discussed in this section 

Chapter XXX 

MALNUTRITION, NUTRITIONAL OEDEMA, 
EPIDEMIC DROPSY 

Introduction — The disteibution of roost of the nutritional disorders 
IS world Wide Oal> tho e which are particularly common m the Tropics 
or sub Tropics will be described in this Section 

With regard to the vitamin deficiencies Mackie (1940) has emphasized 
important concepts based upon the newer knowledge of this subject He 
said Various of the vitamins have been shown to be the active or 
prosthetic fractions of enzvmes which are essential for the breakdown of 
foodstuff in intracellular metabohsm In the earlier stages there is 
disturbance of function only If the process advances far enough demon 
strable anatomical lesions appear Thus the estimated incidence of 
nutritional deficiencies wiU depend upon whether or not early signs of 
deficiency have been accepted as criteria for diagnosis 

Several observers have pointed out that vitamin deficiency may be 
associated with dysfunction of the digestive glands or with disorders of 
some of the glands of internal secretion 

There are grounds for believing that deficiency of certain vitamins 
may lower the threshold of resistance to bacterial infection and perhaps 
also to vrdftOAiw.-* awA iSAtiibit pofioos miUvJv aXtvA. the tw.tvttws 
system 

A key to the recent bteratuie on the vitamins can be found in the 
senes of authontative articles first pubhshed in the Journal of the Amen 
can Medical Assoaation under the auspices of the Council on Pharmacy 
and Chemistry and the Counal on Foods of the Amencan Medical Asso 

lots 
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ciatioti and subsequently brought together \q book form as The Vita 
mms ' 1939 Each of these artides includes a comprehensive reference 
list New and Nonofficial Remedies, published yearly b) the American 
Medical Association provides pharwcxutic information and defines 
' allowable claims for vitamin preparations The "Tropical Diseases 
Bulletin reviews periodically m«t of the important literature hearing 
on nutnuonal diseases of the Tropics In The Avilaimnoses’ by Edd\ 
and Dalldorf (1938), the more important original -ourccs are listed at 
the end of each chapter 

In their book entitled "Vitamm B r (Thiamm) and Its Use m Medi 
cine R R Williams and T D Spies have evaluated current knowledge 
of benben and allied nutritional disorders up (o 1938 

In a monograph published b> Dr Icon De Soldati Buenos Aires 
Argentina 1940, entitled LosTrastornos Circulatonos dc la Avitaminosis 
B I he has discussed in detail the cuculatorv disorders resulting from 
deficiency of Vitamin B i m man and m animals 

Deficiencv of Vitamin D which manifests itself in children as rickets 
ard jn adults as osteomalacia, has seldom been ohscT\id la the Tropics 
There have been a few cases of ‘ rickets reported from Puerto Rico hut 
there is reason to believe that most of these diagnoses were erroneous 
Anaemia, mild or severe, is widespread in the Tropics Malaria 
ancylostomiasis sprue and scurvy account for a large proportion of the 
anaemias Most of them ate hypochromic or rmciocvtic in character 
and they usually respond well to iron The anaemia of malaria is attrib- 
uted chiefly to blood destruction and that of ancylostomiasis to chronic 
bloodless In cither case there is a deficiency of iron The anaemia in 
sprue and allied deficiency syndromes results from deficiency or absence 
of the extrinsic or of the intrinsic factor of Castle or from a deficiency of 
both factors These anaemias requite liver extract for their vure In 
scurvy, the anaemia has been trac^ to defiaent production of erythro 
cytes by the bone marrow The response to administration of vitamin C 
IS dramatic 

Pathological Phvsiology and Climcal Description of the Anaemias 
by \V B Castle and G R Mmol (1936) contains much information reiat 
mg to the nutritional anaemias of the Tropics The milder grades of 
anaemia are often associated with malnutrition or attributable to one or 
more of a great variety of disorders 

MAUmiatTION 

Definition — By the term * malnutritroii” is meant a condition of sub 
optimal nutrition which may or may not be associated with recognizable 
signs of any well defined dcfiaency syndrome The weight to-height 
ratio or some other index of the level of nutrition may be useful /or the 
recognition of malnutrition in a borderline case Such indices are of 
limited value however because they vary considerably withm normal 
limits because water retention may occur with or without oedema and 
because cerUm dchciency syndromes ate not necessarily associated 
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With los of weight Bigwood* (1939) has described and discussed the 
methods of making nutritional surveys and of recognizing malnutrition 
in individuals 

Inadeace — Malnutrition la \ery common in many of the indigenous 
races of the Tropics Among the common causes of malnutrition in these 
groups are periodic or permanent scarat> of food chronic or recurring 
diseases loss of teeth and dislocation of habitual modes of life incidental 
to modern progress The nutrition of individuals of the white race 
residing temporaril> in the Tropics suffers m many instances from failure 
to eat the fresh fruits and vegetables which are obtainable locallj from 
other unhvgiemc habits or from disease 

ETIOLOGY 

Food which has been ingested remains physiologically outside the 
body until it has been absorbed Probably some of the disorders of 
metabolism which are not dependent ptimanly on malnutrition may 
interfere with the utilization of essential food factors even after absorption 
from the intestines has taken place Thus nutrition depends first on 
ingestion of adequate amounts of all essential food factors second on 
their absorption in sufficient amounts and third on their efficient utiliza 
tion by the tissue cells of the body 

Some of the recognized food deficiency syndromes are traceable to 
lack of specific substances Among such are certain minerals proteins 
and the known vitamins Other symptoms are curable by means of 
unknown substances contained in hver Frequently in individual cases 
two or several essential food factors may be insufficiently a\ ailable The 
patient may then exhibit a combination of symptoms which does not fit 
into any of the well known defiaency syndromes 

TREATMENT 

Treatment of malnutrition requires recogmtion and removal when 
possible of the underlying cause This may involve improvement in diet 
or in living conditions adequate rest and perhaps specific medication 
for anaemia or for vitamin defiaency or treatment of some concomitant 
disease 


Reperences Notkitional Disorders 
Amenc&n Medical Association Tbe \itaxiuns A Symposuin Ch cago 1939 
Castle W B & Minot G R Patliolog>caIPh>siology and Clinical Description of the 
Anemias New York 1936 

Rddy W H ScDalldorl G The Avitaminoses (and Edit on ) Baltimore 1941 
Mackie T T Vitamin Deficiencies m Gastrointestinal Disease A nal Inter al 
iltd 24 S 1940 

New and Nonofficial Remedies Published yearly by the American hledical Assoeiat on 
Chicago 

Gutdini Pr nciples far Sludns m the Nut tUou »f Poputat on 
Col mb a Un v«rii/y P ssItewlotCn a 1939 
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NuTpniONAL Oedema Am Epidemic Dropsy 
Synonyms — ^Acute Anaemic Dropsy War Oedema Famine Oedema, 
Prison Oedema, (?) Epidemic Dropsy • 

Definition — Nutritional oedema is generally attributed to defiaency 
of protein in the diet Recently published textbooks have thronn 
together nutritional oedema and epidemic dropsy The descriptions 0/ 
many cases of epidemic drops\ seen in India indicate that this disease is 
often associated svith skin lesions which are not seen m ordinary cases of 
nutritional oedema Therefore one may doubt the identity of the Indian 
form of epidemic dropsy and nutritional oedema 

Inadence —Local outbreaks ol nutritional oedema or of epidemic 
dropsy have been repotted from India Mauritius and Fiji from Tennes ce 
(Youmans 103a), and froTnSpamdunngtherecentcjvjJwar (Jour Amer 
Med Assoc 1939) Nutritional oedcroi has been prevalent at times 
]Q Java and among prisoners »n Haiti It was common in Central Europe 
as a result of semi starvation during the World War In India epidemic 
dropsy js seen especially during the rainy s^a on or subserjuenily when 
the weather js cold ' Outbreaks do not occur every year Probably 
sporadic cases of nutritional oedema may be fouod almost anvwhete 
Doubtless there are cases in which oedema of nutritional origin is asso 
ciaUd with deticiency of various other food factors 

ETioiorv 

Youmans et al (1933) studied xi cases of mi!d nutritional oedema 
They stated that in all but one of iheit cases the total caloric value of the 
food ingested u'as bdow basal irquircments, that the average protein 
intake ranged from o to 52 Gixi daily In 8 of their cases, it was below 
the usual minimum of o 5 to o ” Gro per kilogram of bodv w eight In a 
subsequent report (193^) on 31 patients they found Uiat the total proteins 
were usually normal the serum albmxim slightly or moderately reduced 
and the globulin normal or increased Calculated colloid osmotic pres 
sores (using Govaert s factors) were siightiy or moderately below normal 
m the majority of patients with oedema When the protein in the diet 
was increased the albumin tended to nse gradually and the oedema to 
disappear It was believed that reduction in the scrum albumm was 
especially significant but that other factors such as intake of water and 
salt and perhaps a nutritional injury to the endothelium of the capil 
lanes, might be factors of secondary importance The normal range of 
serum proteins was considered to be as follows total protein 6 5 to 8 5 
per cent, albumm 4 2 to 5 7 pet cent and globulin i 3 to 3 o per cent 
Reduced specific gravity ol blood serum has been reported (Pasneba 
U 1 and Malik tosS) 

* Oae form of epidemic dropsy » »**« atlnbuUd to poi onmg by »n »datter»nt 
o{ muslird oil See psjc mo} 
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The mam factors which can enter into the production of oedema have 
been discussed in detail by Peters (1935) presented briefly by Landis 
(1935) ETpenments by Lepore (1932) on dogs show that increased 
intake of fluid and of sodium chloride hasten the development of oedema 
With regard to his work on totemia m pregnancy Strauss (1937) said 
The evidence presented suggests that the manifestations of 'toxemia 
of pregnancy in the patients studied resulted from water retention 
conditional upon hypoproteinemia and that The administration of 
sodium is dangerous in pregnant women with hypoproteinemia He 
said that sodium bicarbonate and sodium chloride are equally detrimental 
Subsequently Strauss and Fox (1940) reported that anaemia per se 
appears to be a cause of water retention and that the retention after 
administration of sodium chlonde is inversely proportional to the haemo 
globin level Weiss and Wilkins {1936) after studying cardiovascular 
disturbances in vitamin B i deficiency stated that the oedema observed 
m their cases could not always be explained either by the degree of circu 
latory failure or by lowered osmotic pressure of the blood plasma This 
observation is difficult to interpret Vedder (1940) has attributed the 
oedema of wet beriberi to embarrassment of the right ventncle alone 
Elliott (193^) said that Depletion of serum protein occurs clinically 
as a result of protein restriction in diet protein waste as m albuminuria 
or as a result of disturbed metabolic processes and that when serum 
proteins are depleted below a level of 3 or 4 Grams per cent oedema may 
appear He believed that Disturbances of the acid base equilibrium 
of the serum are probably of second importance in determining the state 
of hydration of the body 

According to Mecray et al {1937) patients who have peptic ulcer or 
gastric malignancy often suffer from nutritional defects and when the 
dehydration which they so frequently exhibit has been overcome they 
may have hypoproteinemia with or without oedema 

Sharp (1935) Carman (1935) and previous observers have described 
a supposedly nutritional disease associated with oedema which occurred 
in Kenya and the Gold Coast Most but not all of the cases were in 
infants The symptomatology suggests the coexistence of multiple 
dietary deficiencies 

When war oedema appeared m Central Europe there had been a 
prolonged dietary shortage of fats but there may also have been a deli 
aency of protein in the diet Mann s (1938) observations on prisoners 
in Haiti led him to believe that deprivation of direct exposure to sunlight 
was an important causative factor in his cases of oedema 

Many cases of epidemic dropsy reported from India have exhibited 
neurologic symptoms suggesting benben This fact seems to show that 
features of epidemic dropsy Md of benben may occur together Out 
breaks of dropsy are particularly common among people whose staple 
diet is husked nee 

The cause of epidemic dropsy m India has been the subject of much 
study The infectious theory islosingground The view that the disease 
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IS caused by a toxin which has been found in damaged nee has inadequate 
support Pure mustard od is free from any toxic principle but an adulter 
ant of mustard oil (oriemone) appears to have toxic effects Some out 
breahs of epidemic dropsy have been attributed to thi'; substance On 
the other hand it seems higWy probable that many cases of epidemic 
dropsy are due essenlialtv to di orders of nutrition 
PATHotoev 

No charactenstic lesions of the internal organs have been described 
De and Chatterjee (1935) have studied the pathology of epidemic dropsv 
m India vnth special reference to the skin They attributed the erythema 
to vascular dilatation and the ' ecchjmotic patches to telangiectasis 
The nodules which nere found on the mucosa of the mouth, tongue and 
nose as well as on the skin contained dilated vascular spaces 

Dilatation, especially of the right side of the heart with thinning of 
the wall and separation of the muscle fibers by dilated rapillanes, some 
what similar changes in the ciliary body of the eye and evidences of 
glaucoma nere observed m some of the cases The membranes of the 
spinal cord and of the penpberal nerves showed marked ' vascularity ' 
but there nas no degeneration of nerve fibers 

SYMPTOUATOtOGY 

The oedema mav be slight or pronounced Generally, it begins in 
dependent parts Oedema of the face and anasarca mav develop 
Assoaated signs and syunploms are extremely variable They include 
increasing emaciation, muscular weakness irregular fever or subnormal 
temperature diarrhoea and vonulmg pleural and pericardial effusions 
bradycardia or tachveardia and dyspnoez on exertion Joss of knee yerks 
and sensitiveness of the calf muscles to pressure and v anous ocular lesions 
Pregnant women frequently abort 

An intimate relationship between non inflammatory glaucoma and 
nutritional oedema has been pointed out repeatedly 

Skin — In epidemic dropsv various tvpes of skin lesions have been 
observed blotchy purp’ish red erythema which produces pigmentation 
vascular nodules or ' sarcoids, large or small which sometimes are 
pedunculated , small red nodules scattered over the body an cry thematous 
or petechial rash on the legs, pigmentation of the face and of other exposed 
parts The erythema is due to telangiectasis and the vascular nodules 
are hemangioma They bleed readily and profusely when damaged 
(Chopra et al roys and De and Chatteryee 1955 Ghosh ipti) The 
extent of the skin lesions bears no relation to the «event> of the illness 
The form of epidemic dropsy resulting from the ingestion of argemone oil 

is discussed on page J3IO 

Blood — ^The haematologic changes were studied by Chatteryee and 
Haider (1935) They found httle r^uction in the erythrocy te count but 
sometimes the haemoglobin xras markedly reduced The leucocyte 
count was apt to be reduced in the early stages but not subsequently 
The lymphocytes and the cosioophdes were relatively increased Toxic 
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cells were described They were leurocytes of a peculiar type exhibiting 
vacuolization and basophilic granules 

It seems highly probable that the clinical picture in many cases of 
nutritional oedema depends upon the ctistence of multiple deficiencies 
The cardiac symptoms and the sensitiveness of the calves and the loss of 
knee jerks are highly suggestive of deficiency of vitamin B i and som« 
at least of the ocular lesions might be caused by deficiency of vitamin A 
The cause of the skin lesions is b\ no means clear The anaemia might 
be caused by iron deficiency 


DlACMOSlS 

Oedema associated with evidence of malnutrition suggests the diagnosis 
of nutritional oedema \n epidemic without neurologic symptoms 
which occurs in a labor gang in a prison or in a populaUon group is likely 
to be caused by a deficiency of protein in the diet hen some of the cases 
show signs of beriberi or of some other well known food deficiency there 
I a high degree of probability that protein deficiency may be a factor in 
these cases as well as in those showing oedema only Probably oedema 
which may be of nutnlional origin occurs in connection with a great variety 
of diseases in which nutrition is disturbed through inadequacy of the diet 
defective utilization of food or pronounced loss of protein as in chronic 
nephritis Decrease of serum albumen alteration of the albumin globulin 
ratio lowered osmotic pressure or decreased specific gravity of blood 
serum favors a diagnosis of nutritional oedema The skm lesions when 
present may be of various types 

Prognosis — Mortality is low as a rule Deaths are usually attnb 
uted to cardiac decompensation It seems possible that B t deficiency 
may be tbe true cause of such deaths 

TREATSIPNT 

The first requirement is a diet nch in protein and vilamins and of high 
caloric value ^\he^ oedema is pronounced the intake of fluid and of 
sodium whether as sodium chloride or sodium bicarbonate should be 
restricted Cardiac symptoms when they occur suggest that vitamin 
B I should be administered in adequate dosage 

The skm eruptions of epidermc dropsy are said to respond to a high 
protein dietary and good results m glaucoma huve been attributed to 
similar methods of treatment 

Haemorrhages from injured nodules may be prolonged and severe 
Bleeding must therefore be watched for and controlled Anaemia when 
marked may require treatment with iron or with liver extract After 
massive haemorrhage blood transfusions are indicated They not only 
help to restore the cellular elements of the blood and the haemoglobin 
but they combat the depletion of serum protein 

Parenteral injections of various proteins have been recommended 
recently Their use is sliU in the experimental stage 
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Metbods of dealing with hypoproteinemia m postoperative surgical 
cases have been discussed by Ravdin et al 1940 
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Chapter XX'VI 
SPRUE 

Synonyms — Psilosis Ccyion Sore Mouth Cochin China Diarrhoea 

Definition — Sprue is an afebrile chronic or relapsing disease character 
ized by the passage of stools which are voluminous mush\ the color of 
putty and sometimes frothy The classical associated symiptoms ate 
weakness emaciation gastro intestinal discomfort changes in the tongue 
and anaemia 

Geographical Distnhuhon — “Iprue is common in ^Vhltes of European 
ongin who ate living or who have lived in southeastern Asia the East 
Indies India Ceylon Puerto Rico or the West Indies Spnie has been 
reported less often from other tropical or subtropical countries Strange 
to say sprue seems to be rare in Africa Sporadic indigenous cases of 
non tropical sprue ha\ e been reported from many pans of the temperate 
zone including the United States of America and miny of the countries 
of Europe 

Incidence — Sprue usually develops in the middle period of life and 
more often in women than in men U mav appear in childhood Fre 
quently it » a sequel o( dysentery or of some other debilitating condition 
It is commonly associated with pregnancy The native races of the 
tropics ate far less liable to sprue than are persons of European race resid 
ing in tbe tropics Even though sprue houses m which successive 
tenants have suffered from this disease ace known m India it does not 
follow that 4ny specific infection i operative In India and in Ceylon 
sprue occurs not only m the hot lowlands hut also in the mountains at 
considerable altitudes HiD diarrhea or Simla trot develop particu 
lariy m Europeans resident in India soon after their arrival at a hill station 
Although formerly considered as a separate disease hill diarrhoea tends 
now to be regarded as an incipient state of sprue It is followed not inf re 
quenily by typical sprue 

Europeans who have resided m the regions where sprue is common 
rather frequently develop the disease after returning to the United States 
or to Europe The interval of time vanes from a few monlbs to fJteen 
years or even longer Tbe past history of many ot these cases indicates 
that they had had dysentery diarrhoea or recurring gastro intestinal 
symptoms before the signs of sprue became characteristic 

ETioixiC'r 

The etiology of sprue was for many years obscure Several lavcsti 
gators formerly believed a yeast (Ifoailiu pulosis) found in the stools 
was the cause 
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Studies by Castle and his associates (195?) indicate that sprue is fuada 
mentally a deficiency disease having features cIospI} resembling those 0! 
Addison s anaemia According to \ edder (1940) sprue may develop in 
persons whose diet has been exceUent On the other hand cases of sprue 
afford abundant evidence of defective absorption of food Castle believes 
(^935 P 72) that m sprue, asmpermoous anaemia tbereisinvolvedlhe 
failure of a reaction between an extrinsic factor in the diet, associated in 
several substances with vitamin B 2 (G) and an intrinsic factor present 
m the gastric contents of the normal person In addition difficulty tilth 
the absorption of substances from the intestinal tract resultmg from this 
hematopoietic reaction is probabh involved in certain instances of both 
diseases In different patients with sprue the relative importance of these 
mechanisms IS variable Sprue with macrocytic anaemia thus an esfrom 
the variable participation of three defects of the extrinsic factor of the 
intrinsic factor and of absorption Dietary di'ficiencv of iron gastric 
anacidity and intestinal iropcrtneabilit} may al-o decrease the norma! 
intake of iron The ‘ intrinsic factor of Cattle is less frequentlj lacking 
in sprue than in Addison s anaemia 

The dietary histones of many but not of all vprue cases indicate defi 
went ingestion of substances containing the extrinsic factor c g meat 
eggs and whole cereals a disproportionately large ingestion of catbo 
hydrates and inadequate consumption of fresh v egeiables and fruits 

The specific infectious theory of the etiology of sprue which has had 
ardent advocates, IS no longer tenable Itisbv no means cleat that yeast 
like organisms which may be found m the faeces are even of secondary 
eiiologic significance Infectious diseases debilitating influences preg 
nancy and manv conditions which ate associated v ith di orders of diges 
lion or of as inflation of food may serve as contributory or conditioning 
factors 

If sprue is essentially a deficiency disease indigenous cases might be 
expected to occur in almost any part of the world and there w ould seem 
to be no ground for recognizing catcgoncs based on geography Trobabty, 
the more frequent occurrence of sprue in certain tropical countries is to 
be attributed to conditioning factors which are not yet fully understood 

Vedder s (1940) analysis of the causation of sprue is of great interest 
in this connection He tnehaes to the belief that sprue develops only in 
predisposed persons and he suggests that dysfunction of the anterior pitui 
tary gland may be intimately connected with the disturbed absorption 
from the intestine Cases which are capable of response to diet are 
curable by means of a diet rich m the components of vitamin B 2 When 
the disease does not yield to diet it tt because the necessary constituents 
of the food are not absorbed Such cases usually respond to crude liver 
extracts administered parenteralJy These exude extracts are rich m the 
factors included in vitamin B 2 \edder pointed out that the fatty 
diarrhoea of sprue ma\ be expected markedly to reduce the absorption of 
the fat soluble vitamins A D K, and that of vitamin B i as well Defi 
ciency of these factors might account for some of the lesions which have 
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been observed m sprue hut deficiency of the constituents of vitamin B 2 
appears to be of special significance 

Pathology 

Sprue causes no characteristic pathology The lesions seen at autopsy 
are usually indicative of the terminal stage of the disease The tissues are 
wasted and dehydrated fat deposits ate extremely depleted the liver is 
apt to be much reduced in size and changes in the bone maiiow are similar 
to those seen in Addison s anaemia and are often pronounced {Castle et al 
i9o5) Atrophic changes m tht pancreas thekidne>s or brown atrophy 
of the heart muscle have been observed 

It IS heheved that the small intestine ma> become thin walled pale 
and diaphanous as a result of airoph> of the mucosi and fibrosis of the 
submucosa Inflammator> changes or irritative phenomena may be 
found in the tongue oesophagus or small intestine They may be asso 
ciated with round cell infiltration of the intestinal wall or with ulcerations 
which occasionally lead to perforation Sometimes gray mucus is 
adherent, to the surface of the gut and oedema of the intestinal wall has 
beenobsdved Enlargement of the mesenteric Kmph nodes pigmenta 
tion and fibrosis have been reported Some of the lesions of the 
mucosa formerly attributed to sprue are now regarded as post mortem 
changes 


Symwouaiology 

As a rule the onset is $0 in idious that it cannot be dated accurately 
but the attack may begin acutely with pronounced watery diarrhoea 
There ma> be fever for a few days Thereafter the temperature tends to 
be subnormal 

The first symptom and sometimes the only sign noted by the patient 
may be sensitiveness of the tongue or of the buccal mucosa which is mam 
fested especially when an alcoholic beverage or some acid or highly 
seasoned food is taken At this time earlier or later lassitude anaemia 
mild gastro intestinal discomfort and raorniog diarrhoea develop There 
may be alternating periods of diarrhoea and constipation 

As the disease progresses the patient becomes weak irritable and 
depressed and the gastro intestinal discomfort and gaseous distention 
increase gradually In advanced cases the complexion assumes a peculiar 
muddy pallor The abdomen becomes distended and takes on a doughy 
feel The number of soft stools may mcrease to five or six daily and 
attacks of colic may be frequent The history sometimes indicates that 
the symptoms are promptly aggravated by tbe consumption of carbo 
hydrate foods Meanwhile the tongue becomes red angry looking and 
furrowed soreness of the mouth increases there may be burning pain in 
the oesophagus or in the epigastnum and ulcers may appear opposite to 
the molar teeth or under the tongue In cases of extreme emaciation 
active peristalsis of the small inlesUne may become clearly visible Dur 
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mg remissions the tongue become? smooth and pink, soreness of the mouth 
disappears and aft symptoms abate Raretv, soreness of the tongue may 
be the only symptom noticed 

The changes in the blood are very variable la the early stages of the 
disease and during remissions tbe color indee is reduced and lie blood 
changes are of thehypochroniic type When the severity of the symptoms 
increases, the red cells become macrocytic and hyperchromic The pic 
ture may then be that of Addison s anaemia 

Achlorhydria has been observed in from a quarter to a third of the 
cases studied Chemical analysis of tbe gastric contents is an inadequate 
index of the presence or absence of the intrinsic /actor’ of the gastric 
secretion {Castle et al ipjs) nie intrinsic factor may be present or 
absent, whether or not bydrocMonc acid is present Signs of combined 
system disease analogous to those which may appear in Addison s anaemia 
are seen occasionally m sprue In tare instances they donnndte the 
picture retanv may develop m sprue at any stage but especially in 
association nuh a downward course of the disease 

The stools may be watery m the early stages of sprue In other cases 
they contain much mucus The typical sprue stool is gray in color, 
soft, full of minute gas bubbles sour smelling and abnormally v oluminous 
Microscopic examination shows great excess of fatly acids soaps and some 
times ot neutral fat as well The proportionate amounts of these conslitu 
ents (S variable Afuscle fibers may be seen but starch granules are 
absent Bile pigment is present in the stools m the form of leucobihtubm 
The blood pressure is markedly reduced It tends to decrease as the 
disease progresses and to rise with improvement Thayssen (193s) found 
that the basal roetaboiism was frequently increased and sometimes con 
siderably increased but Suatea s (1038) observations m Puerto Rico were 
to the contrary They both found the blood sugar curve abnormaliv 
]on Similar changes but probably tending to be oS lesser degree have 
been observed in Addison s anaemia raixlev {loyo) and others have 
noted reduction of serum calcium in some cases of sprue and particularly 
in those having tetany He reported phosphorus at the normal level 
whereas in parathyroid tetany, phosphorus values are increased 

Certain cases of "non tropical sprue present the typical symptom 
atology of sprue, but a large proportion of cases originating m the tem 
petate zone are atypical 

Diagnosis 

Diagnosis is simple when the stools ate characteristic anaemia present 
the tongue denuded and sensitive, sod weakness and emaciation pro 
nounced Diagnosis may be difficult in mild cases, during remissions 
and in atypical cases The stools ro Addison s anaemia are neither copious 
nor gray m color, emaciation is stnkmglv absent and the color of the skin 
iskmofl yellow ja contrast to tbe muddy discoloration seen in well marked 
cases of sprue Certain borderbne cases however might be dassi'ied by 
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competent observers either as sprue or as Addison s anaemia The spleen 
in sprue is not enlarged but in Addison s anaemia it is often palpable 
In pellagra the lesions of the tongue the weakness the emaciation 
and the diarrhea may suggest sprue but the stools are neither fattj nor 
voluminous In pellagra the anaemia is seldom pronounced It is still 
less likely to be of the macroc>tic type There are borderline cases how 
ever which present some of the characteristics of both diseases These 
and other atypical cases are to be regarded as instances of multiple defi 
ciencies Roentgenological observations by Mackie Miller and Rhoads 
(1933) and others indicate that m sprue and in multiple deficiencj states 
the activity of the small intestine b^omes curiously irregular 

Gee Herter disease or coehac disease usually seen m young children 
the idiopathic steatorrhoea of adults and atypical cases of non tropical 
sprue appear to be closely allied to sprue Fairley (1936) has stated that 
In contra distinction to coeliac disease and idiopathic steatorrhoea 
hypo calcaemia in tropical sprue never leads to osteomalacia bony deform 
ity or spontaneous fracture Furthermore gross osteoporosis must be 
relatively rare He attributes the hypo calcaemia of steatorrhoea and 
of sprue to defective absorption of calcium rather than to parathyroid 
disease and he quotes Linder and Harris (1930) who believed that defectiv e 
absorption of vitamin D was the major cause of tetany in steatorrhoea 
The comparative rarity of bone lesions in cases of tropical sprue has been 
attributed to the beneficial effects of greater exposure to sunlight 

Fatty diarrhoea may occur in gaslrojejuno colic fistula or in pancreatic 
disease Thayssen (1932) says that the fatty diarrhoeas of pancreatic 
origin are usually associated with increased elimination of nitrogen in the 
faeces diabetic glycosuria or alimentary glycosuria and a blood sugar 
curve of diabetic type On the other hand when there is hyperchromic 
anaemia this is indicative of sprue 

The atrophy of the muscles in general which is extreme in some cases 
of sprue occasionally leads to a mistaken diagnosis of progressiv e muscular 
atrophy The atrophy in the latter disease is limited to muscle groups 
and the condition tends to be hereditary The cmaaation of sprue some 
times leads to an erroneous diagnosis of cancer or of tuberculosis Intes 
tinal amoebiasis chronic bacillary dysentery hookworm disease or 
tuberculosis may be associated with sprue 

Prognosis — Mild cases of sprue respond rapidly to adequate treatment 
with liver extract Not only does the condition of the blood improve but 
the soreness of the mouth and the gastro intestinal symptoms quickly 
disappear Even m severe cases of longstanding the improvement may 
be dramatic Unless adequately treated however severe cases are ulti 
mately fatal within a period varying from about one to fifteen years 
In cases in which the intrinsic factor has been absent it may reappear 
following Lver therapy Unlike cases of Addison s anaemia which gen 
erally require maintenance doses of bver extract to prevent recurrence 
sprue may be permanently curable 
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Treatment 

It !s now well known that administration o{ liver cxtrat-t not only 
benefits the macroeytic anaemia of sprue, but that the extract is capable 
of overcoming the mouth lesions and the gastro intestinal symptoms as 
well 

Castle ^rg35)ob«rted that oral administrationof hverextractsufficed 
in some cases to control the lingual and gastro intestinal symptoms, but 
that m the majority of ca es improvement was not remarkable until after 
the extract had been administered parenterallj His usual initial dosage 
of the extract i as the amount derived from 50 to 100 grams of liver given 
once a week or that from 10 grams injected daily \omiting or profuse 
diarrhoea were sometimes relieved within twenty four hours Lingual 
symptoms were relieved and diarrhoea was usually controlled within a 
week Fpigastric distress and flatulence were correspondingly improved 
Within two weeks as a rule the stools were formed Meanwhile the 
sense of well being and the appetite were regained Weight and strength 
increased gradually It was found howrever, that larger doses of the 
extract were needed in ome cases and especially in those of long standing 
Dosage must be adequate to induce mitnl improvement m each particular 
ca<e A somewhat smaller maintenance dose administered once a week, 
Riav be required to prevent tclap e The variability of dosage required 
for individual cases is even more pronounced than m Addison's anaemia 
and the requirement is apt to be much higher in sprue 

Parenteral rather than oral admimstration i« the usual method of 
choice Probably this method is necessary when the ' intrinsic factor’ 
IS lacking The intravenous route has advantages when extract from as 
much as joo Grams of liver is required daily I athologic changes m the 
gastro intestinal tract resulting from extreme chrom ity of the disease or 
from complications, render treatment inefiective in a few ca es 

Diet — In ome cases of sprue the anaemia and other symptoms 
respond to dietary treatment alone, but it is believed that diet can only 
be effective in improving the blood picture when the intrinsic factor’ is 
present Oral administration of Iner extract will sometimes cause a 
reticulocyte response Mote prcmounccd effects are obtained by paren 
letal injection The tisem the erythrocyte count in response to treatment 
IS seldom as rapid as it usually is m Addison's anaemia As in some 
cases of Addisons anaemia so m certain cases of sprue there is a deficiency 
of iron Cure of the anaemia in the e cases is attainable only after the 
administration of iron m addition to liver extract IVhen hydrochloric 
acid IS lacking it should be administered to the patient by mouth 

Diet has been relegated by the newer methods of treatment to a posi 
tion of lesser importance However a high protein high vitamin non 
irritating diet containing little carbohydrate or fat may help to relieve 
sjonptoras before the specific methods of treatment have produced their 
effects More or less dietary restnctim can advantageously be con 
tmued in ome cases Such KstnrtMms are necessary for some elderly 
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persons (Suarez 1938) Persons who ha\e recovered s>mptomatically 
from sprue as a resu\t of treatment should be cautious as to diet and tlie> 
may require a maintenance dose of liver extract 

Neurologic s>mptoms like those of combined s>stem disease when 
present may be expected to yield slowly to liver therap> \Vhen there 
IS tetany or osteoporosis calcium lactate and vitamin D are indicated 
Persons who have contracted sprue m an endemic area and who return 
thereto must be closely watched because the chance of recurrence is con 
siderable (Miller and Barker 1937) 

Prevention 

Owing to doubt as to the fundamental cause of sprue rules for pre 
vention cannot be formulated with confidence It is clear however that 
dehditatmg influences in general should be guarded against that digestive 
disorders especiallv djsentery should be treated promptly and effectively 
and that the diet should be weU balanced and nutritious It should not 
contain an excess of carbohydrates It is believed also that adequate 
exercise taken regularly helps to roaintam the digestive functions in a 
normal condition Harrison et al (1943) m pointing out that low levels 
of calcium in sprue are usual found serum potassium at very low levels 
in cases of sprue 
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In a levjew of the rectal literature on the tobjecl one finds that ihe etiology ci 
sprue in at least some respects has aol yet been defiatlely elucidated The mam poiats 
that have been particularly emphasized in the sprue syndrone are glossitis stealoi 
rhoea emaciation progressive anaeima (usually aacrocytic) hjpocblorhydria some 
times Bchjha mth loss of mtnnsic factor hypocalcaemia a general avitaminosis and 
sometimes pigmentation of esposed parti ^me observers believe that tbere exists 
no fundatnental difference between tropical andoontropical sprue However thenum 
ber of cases of non tropical sprue so far descnbed does not apparently permit of any 
generalization to this effect Other authors have suggested that the sprue syndrome 
may be evolved from delayed eoeliac disease Rodriguez Mohna (2042) from thestudy 
of too cases in Puerto Rico concurs «i the belief that the sprue syndrome w a deficiency 
state and that the anaemia is caused by gastro lotestmal dysfunction combined with 
failure of adequate absorption of mitritional substances essentia! In erytbropoiesis and 
that gastro-mtestmal symptomolo^ and cbaagcs in the skin and mucosa are associstcd 
with a deficiency in vitamins A and B 


Shattvek (personal communtcalioD 1942) remarks that it seems probable that 
sprue la not exduuvely a tood deficieoicy disease inasmuch as it occucs tacely if at a.1 
in typical form IQ Africa It might be regarded as a disease of metabolism of nnknow a 
ongiars whieb food deSciecey plays a part Hots and Deucher (rp4t) poiot out that 
astudyof theradiographicalchangesiothesaalliatestioe tnnan tre^rrolspruesuggests 
that the naio etiological factor liei m the prcseocc of an unaKeTUinable and not easily 
explicable absorption defect in tbe intestinal mucosa However the pathological 
changes which have been encountered at many autopsies do not clearly explain the 
peeubar intestinal dyalunction in sprue Snell Macfcie Millet and tteber have 
reported radiological features especially aarroning of tbe ileum allerauon of atonicity 
and epaxticicy a coarsely striated mueosai relief pattern and increased motility 
Ludin has observed changes in the intestinal wall of the duodenum jejunuia and ileua 
due to chfooic infi/treuon oedema of iht mucosa 01 atrophy wide Ruhlmacn found 
oederoa of the mucosa end stagnation of the meal in tbe lou er ileum i& some cases 
Hotaand Deuebet from the study of S cases of non tropical sprue reported that the 
changes in tbe small intestine demoostrated hy the radiological method are the result 
of intestinal hurry and interferenee with the Bormal roising of the intestinal contents 
Antogoninifigat) pomtsout that stestorrboesis no longer regarded asan explanation 
of dysfunction of the bepatopancreaCiC apparatus but rather as a disturbance of resorp* 
tioo from tbe intestinal tract and that this » defined by 3 syndromes 1 Coeliee 
diseases — Gee llerter disease (idiopathic ateatorrhoea} and sprue a Hypo- and 
avitaminosis 3 Adrenal lasuffioency (Addisons disease) 

Olleros (1940) has carried on bacteriobgic investigations of the gastric mucosa in 
sprue by gastroscopic methods and found that in 91V nf the sprue cases the gastric 
mucosa was colonized by intestinal ffora He suggests that under tropical conditions 
tbe an^bacterial defences which normally predommate in the intestinal tract are broken 
down and that this acts as a predisposing factor in the genesis of sprue The normal 
gastric mucosal surface with a pH j e-r 6 is sterile tbe duodenum at pH 5 j- 6 a coo 
tains a few Gram positive cocci the upper jejunum at pH 6~f o Gram positive cocci 
and a few Gram positive and negative bacilli The ileum at pH 6 8-8 o contains a 
richbacterialfloraofthefaecaltype Tbereis therefore adistuictrelationshiphetoeen 
the pll m different regions of the intestinaJ tract and the prevailing bacterial floia 
Manson Bahr (1941) has for many years hada wide experience with tbe disease and 
in aeverai recent pubUcations has carefully considered the etiology of sprue and the 
sprue syndrome and critically reviewed tbe entice subject He wntes that it may he 
assumed that tropical sprue representa Uie fuBy developed picture of small intesfme 
deficiency and is presumably due to previous damage to the intestinal mucosa He 
writes that the maw lesion of sprue IS cemfiaed to the small intestine issuggestedby 
the diaphanous appearance postmottem nf this viscus la advanced cases as weU as 
by the abundantly proven ciinicaf observaton that abdominal <f sKntion is due to 
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aflated cails of the intestine He presents the hypothesis that gastro-duodenal ineS 
ciency (and absence of intrinsic factor) is re^ionsible for pernicious anaemia that jejuno 
ileal inefficiency is responsible for the sprue syndrome and that ileo caecal inefficiency 
IS responsible for pellagra He also points oat that neither achylia gastnca not h>po 
chlorhydria is p esent as an invariable rule u sprue and that Castle found the intrinsic 
factor present la sprue even in cases with complete achlorhydria Kodnguea hfofina 
(1941) found free hydrochloric acid present in the gastric ]uice in 82 cases Leitner 
(1942) points out that while it appears that gastric acidity has no definite beanng on 
the progress of the disease disturbancesofgastncsecretion are too frequent in sprue to 
be completely disregarded He also remarks that it may be permissible to stipulate 
that there exists an additional unknown factor in gastric secretion and that in addition 
to gastrm (identical with hi tamine) a second gastric hormone has been prepared from 
the acid extract of the pylonc mucosa which exerts no effect on blood pressure pancreatic 
or bile secretion but when absorbed by tbe small intestine produces a gastric fiow rich 
in acid but poor m pepsin Another significant fact has been demonstrated by Laurent 
and Sinclair who have shown that vitamin B| may be destroyed in the stomach in 
achlorhy dria 

The normal and natural stimulus (or the contraction of tbe viIU and absorption is 
« tl hnine which is extractable from the intestinal mucosa by hydrochloric acid so 
that it can now be stipulated with some confidence that some factor in the gastric 
;uiee usually combined with hydrochloric aad is jointly responsible not only for tbe 
movements of the villi but also for the preservation of vitamin B The permeabihty 
of the epithelium of the vilIi is also an important factor 

Leitner has critically reviewed tbe literature and the physiology of the small mtes 
t ne in its application to the etiology of sprue and bis article should be consulted by all 
those especially interested in the subject In his conclusion be has expressed tbe 
following views as an etplacation of the cbaio of events invol ed in the mechanism of 
tbe sprue syndrome 

I Frmtry Come— Breakdown of normal absorption in the upper part of the 
small intestine (due to different causes) 

s Siundary Ceus 1 — Defiaency in gastric secretion and hydrochloric acid neces 
sary for coo dination of intestinal functions 

3 Achlorhydria which sffects notilily of tbe vill and decreases the vitamin B 
content of food 

4 Stagnation and malabsorpt on which produce abdominal discomfo t and 
fiatulence 

5 \ia eonaeqaeeee ol achlorhydria mtenUoa and multiplication of intestinal flora 
(B cl eel ) 

6 Consequent breakdown of iron metabol sm in relation to bone marrow aad 
haemoglobin ptoduc ng megalocyltc anaemia 

7 H emoglobm metabolism perverted to increasing amounts of porphy m 

8 Bil rubm excretion reduced bilirubin serum content increased 

p Follow g liver damage Me acids dec eased 10 turn reducing hj’drotropy and 
fat abso ption 

10 Unresolved |atty acids id the small intestine forming insoluble calcium salts 
this affects the bones and then the whole elect oljteequihbnum Development of this 
stage IS slow and may last years 

II Increasing 1 yet dysfuncton excessve porphyrinuria whereby Meissners 
plexus IS p ralysed motility of vilh is distnrbed Breakdown of cytochrome enzyme 
system and steatorrhoea 

12 Owi g to already present dysfunctions an acute vitamin B defiaency is thereby 
produced 

The chn cal manifestations resulting from this successive chain of events may 
eventuate in sprue or possibly in pellagra Stannusfipai) haswntten a critical review 
of sprue has formulated new ideas m regard to the pathogeny and made observations 
tot further investig t o s II s art cle publ shed whil this book is in p ess should be 
studi d b) all those interested in the snbject He considen the primary failure m sprue 
IS one of pho phorjl to the esult of defective en ymc act n and th t sprue is 
ptope ly placed among the disea es of malnutntion (For reference to addendum see 
P t 19 ) For critical rev ew of the hterature— see Stannus T a s Roy Soc Trop 
‘ltd ir Ilyi December 1042 



Claptcr XXXII 

DEFICIENCY OF VITAMIN A, THE VITAMIN 
B-COMPLEX 

Definition —Deficiency of \ itamm A js manifested especially b\ lesions 
or disordered function of the eye and bj changes in the sLin and m growing 
teeth ’'Cerophthalmia keratomalacia night blindness and cornification 
of epithelial structures are among the characteristic lesions caused b> 
deficiency of Mtamm A 

Vitamin A — The several carotenoid pigments which are included under 
the name of carotene are yellow or red in color Thev are syntbesized bv 
plants and in the animal body they are conitrtible into VJtatnin ^ 
Carotene is also called ptoviiaroin Beta carotene is used as the basis tf 
the international unit because of its supetientv as a source of vitamin A 
It IS stored in the body both as provitamis and as vitamin A 

Incidence —Recognizable signs of vitamin A deficiency are by no 
means uncommon in infants and in young children In adults well 
marked cases eem to be infrequent, except that regional outbreaks have 
occuned when groups of people have been subjected to such dietary pnva 
tton'j as may occur in time of famine or m war Sailors prisoners and 
laborers m India and ehewhere ha\e been affiicted as hate individuals 
nhen subjected to d)etar> restrictions Infectious diseases gastro mtes 
tinal diseases disorders of fat absorption diarrhoea or advanced disea e 
of the hver ma) interfere with absorpUvin of vitamin A and maj tbus 
cause signs of defiaency to appear 

The true incidence of vUamm A defiaency is not known Probablv 
the lesser degrees of deficiency are common and widespread m the Tropics 
and elsewhere \itanun A deficiency should be looked for wherever 
malnutrition exists As a rule U is assoaated with other kinds of nutri 
tional defects 


EnOLOGl 

Vitamin A deficiency is cau’ied by deficient jn^,cstion o^food containing 
vitamin A or the carotenoid pigments from which vitamin A is derived 
or from failure of the bodv to absorb and to utilise these substances 
Normal bile being concerned with the absorption of fats probably aids 
the ab orption of vitamin A from the mtestme Advanced hver disease 
may mletfere writh storage of this vitaonn Rapid growth pregnanej, 
fever and other conditions which increase metabolism enhance the 
requirement for vitamin A The caroicnemia which has been observed 
in the blood of diabetics by Brazet and Curtis (rQ4o) may be due to 
inability of the body in these cases to convert carotene into vatamin A 
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Liquid petrolatum ingested m therapeutic dosage absorbs carotene 
from the food content of the intestine (Curds and Ballmer 1939) unless 
It has been previously saturated at body temperature with carotene The 
same maj be true of other fats and oils which normally contain little or 
no carotene The etiological impbcations of these facts seem to be 
sigmficant 

Physiology — Vitamin A is necessary for vision for the maintenance in 
normal condition of various epithehal structures including the teeth for 
storage of fat and for growth 

In the eve vitamin A is needed not only for the formation of visual 
purple but also to prevent degeneration of the cornea and other parts of 
the eye Deficiency of vitamin A causes defective or delayed formation 
of visual purple 

The human body has considerable power to store vitamin A The liver 
IS the pnncipal reservoir At birth the liver contains little of this vitamin 
hut it tends to accumulate with advancing years Cow s colostrum has 
an extremely high vitamin A activity and human colostrum is about three 
times as active as is human mili Thus the infant is normaUy provided 
with Unga amounts of vitamin A at the time when little of it is present in 
the liver Absorption from the intestine is variable and by no means 
complete ApparentU vitamin A is not normallv excreted in the unne 
but It IS present in the circulating blood 

PATHOLOGY 

The pathology of vitamin A deficiency has been described in detail by 
Bessey and olbach (1938) Effects of deficiency of vitamin A are mam 
fested m many epithelial structures The characteristic changes are 
atrophy of epithelium proliferation of basal cells and consequent forma 
tion of stratified keratinized epithelium The changes are identical 
wherever they occur 

In man the lesions of epithelial structures are found m various parts 
oftheeye in the enamel forming organ of the teeth the nose and accessory 
sinuses the trachea and bronchi the renal pelves the bladder the prostate 
gland the uterus the testes the sweat and sebaceous glands the hair 
follicles and the skm The pancreas the lacnmal glands and perhaps the 
salivary and parotid glands may be mvolved Analogy suggests that 
lesions of the gastro intestinal mucosa might result from deficiency of 
vitamin A 

Loss of body fat retardation of growth haemosiderosis of the liver and 
spleen and atrophy of the bone marrow associated with anaemia Ivmph 
Old hypoplasia of the spleen and degeneration of skeletal muscles may be 
found in vitamin A deficiencv but they are not speafic lesions The 
lesions of vitamin A deficiency are usually associated with signs of defi 
ciency of other food factors 

Wolbach does not believe that there is any clinical evidence of the 
production of neurological lesions in man as a result of deficiency of 
Person I commun cot on OetAe 940 
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Vitamin A On tbe basis of work done in his laboratory he has reached 
the conclusion that it is impossible by a diet dehcient m viiamja A to 
produce neurological lesions m aniinals approaching adult size \^oItach 
and Be<isey (1940) ha\e reported that ui growing rats during the first few 
« eeis of fife deficiencv of viiamin A can stop the growth of bone LesiO’'s 
of the ner\e roots then follow as a result of overgrowth of the centra! 
nervous s\stem 


UVUPTOatATOLOGV 

Eyes — Hemeralopia is an early sign of deficiencv of vitamin A This 
diiorder is manifested bv defective vision in subdued light or by delayed 
adaptation to subdued light or after exposure of the eves to bright light 
The symptom indicates delayed or defective formation of visual purple 
Conjunctivitis itching and burning of the eyelids and photophobia jndi 
cates a later stage of the disorder Some authors perhaps crroneouslv 
have attributed like svraptoms to nboflavin defiacnev {p 1036) Sti’l 
more advanced cases show dryness and reduced sensitivity of the cornea 
and of the conjunctiva (xerophtbaloMa) The cornea may show light 
brown pigmentation, the lids mav twitch and the patient may sec dancing 
specks or glittering images Finally Bitot’s spots, which resemble flecks 
of dried foam, Tna> appear on the cornea or softening and ulceration may 
occur (keratomaUcia) Permanent damage to the e>es and even blind 
ness mav result Lesions are bilateral as a rule 

Teeth— Damage to the enamel forming organ disturbs the formation 
of dentine so that growing teeth become soft or develop abnotmallv 
The skm is abnormally dry and rough The roughness is produced by 
cornificution which occurs especially around the hair follicles on the esten 
sor and outer surface^ of the arms and legs This feature is far more 
common in adults than in infants TTicrc may be generalized pigmenta 
tion ot the skm Acneform eruptions are common Changes in the hair 
and in the nails have been reported 

Other signs and lesions which have been attributed directlv or indi 
redly to deficiency of vitaram A include dryness of the mouth sinusitis 
dry cough bronchiectasis bronchial obstruction and atelectasis deficiency 
of gastric hydrochloric acid digestive discomfort diarrhoea, p>do 
nephritis cystitis prostatitis abortion testicular atrophy, nervousness 
and neurologic legions involving the legs and causing more or less dis 
ability The growth of children is stunted A deficiency of vilamm A 
has been suggested as a tactor in the production of latbyri«m (p *203) 

It IS doubtful whether neurologic lesions in man are ascribable to 
defiaenev of vitamin A alone 1 / so they are most hkeJy to be found in 
infants and children when growing rapidly (p 1030) Probably there is a 
relationship, in some cases between atone fownation in the genito unnary 
tract and vitamin A deficiency Observations made m Java support this 

Pneumonia is a common cause of death in infants who ha% e vitamin A 
deficiency Various other infecbous processes are frequentl> associated 
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B'llfc deficiency of vitamin A It appears that this deficiency may become 
a contributoiy cause of infection bj damagitig epithelial sUuctures 

DtACNOSiS 

The presence of hemeralopia or of the more characteristic lesions of 
the e>e should lead to the auspicioiv of wtaiain A deficiency Hemer 
alopia can occur however jncWMiectwn with various other diseases of the 
e>e It cannot be detected m infants and 10 young children A useful 
sign of vitamin A deficiency m them can be elicited by retracting the lids 
for five minutes If the cotnea then becoouw dt> and granular in appear 
ance this is a sign of vitamin A deficiency keratinized epitfielial cells 
maybe demonstrable by wiping a spatula gently across thecornea and then 
staining the cells so scraped ofl keiaUnized epithelial cells may also be 
found in scrapings from then ose the mouth or the vagina or in the urine 
Photometric eraminations 0/ eyes have been ertensively used for recog 
nition of the earlier stages of hemeralopia Because the margin of van 
atwn in normal individuals is Urge such evaniinations seem to have a 
hatted value for diagnosis This test and other features of vitamin A 
deficiency hai’e been discussed m detail by Jeghers (1937) 

Hemeralopia is usually the earliest recognizable sign of vitamin A 
deficiency The visible lesions of the eye appear at a later stage Dry 
ness and roughness of the skin with or without itching is suggestive but 
papular cornification of the skin a^ut the hair follicles has been described 
as charactetwlic by several observers It is said to occur especially on 
the eTtensoT surfaces of the extremities or over the shoulders To differ 
entiate between these follicular lesions and those commonly seen an scurvy 
might be difficult were it not for the fact that they are usually associated 
in scurvy with petechial hemorrhages kehman and Rapaport (1940) 
studied the cutaneous manifestations of vitamm A deficiency in children 
Their investigations indicated that $0 called keratosis pilans lichen pilaris 
lichen spmulosus icthyosis {vdiicularis and other synonyms are merely 
descriptive terms for manifestations of vitamin A deficiency 

Information should be obtained about the diet of the patient with 
special reference to foods containing vitamin A It should be known 
whether the patient has or has tad any disease which interferes with 
absorption of food In this connection diseases of the liver or the pan 
creas sprue and persistent diarrhoea or vomiting are especially important 
Chronic wasting diseases and cases of acute illness Such as typhus or 
typhoid fever when severe restrict the ingestion and absorotioa of food 
and can lead to keratomajacia which is dependent probably on deficiency 
of viVamin A 

Methods for estimating the carotene and vitamin A content of the 
blood plasma seem to be of little v^ue for diagnosis 

TBEATHENT 

— Because vitamin A dcficiencv la generally associated wi th signs 
of deficiency 0! other food factors treatment should include a balanced 



diet, rich m all known food factars Resistance to infection is belie\ed 
to be increased by administratian of vttimtn A, only when the supply ol 
Vitamin A in the body is inadequate 

Sources — ^The richest sources of vitamin A are the cod and especialiv 
the halibut liver oils Carotene is abundant m most of the green leafv 
vefcelables and in some of the yellow or red vegetables and fruits There 
IS a good deal of it n milk butler, cheese, egg jolk and fresh jeast In 
addition to their varying content of carotene milk and butter contain 
vitamin \ which is colorless Therefore, the color of milk is no*^ an index 
of Its value as a source of vitamin A Butter usually contains artificial 
coloring matter 

Carotenoids and vitamin A are soluble in fats and oils The activity 
of vitamin A or of carotene is rapidly destroyed at high temperatures by 
an Dxidmng agent This point is well known to manufaclureis of canned 
foods Many such foods as marketed today, are behev cd to be valuable 
sources of vitamins Dried or dehydrated foods are relatively deficient 
m vitamin A Red palm oil an important article of diet m parts of Africa 
vs rich in carotene 

Dosage — The minimum dailv requiicoients for viiaimn A are not 
accuTAtelv 1 nown Coober (ipyS) believes that 6000 to 8000 units of 
vitamin A (U S P or Inlecnatiomd limts) should be provided for the 
growing child She recommends 5000 units or more for pregnant and 
nursing women Visual acuitv m adults has been restored m tw 0 or three 
weeks bv daily administration of the carotene equivalent of so 000 units 
of vitamin A (Jeghers 1937) Conccrtratcd solutions of carotene in oil 
are now available for therapeutic use (New and Nonofficial Remedies 
1939) The optimum dosage of carotene and of vitamin A is uncertain 
Spies (5939) has u ed up to $0000 units vti the form of concentrates 
Visual disturbances may respond tapidlv to treatment but the skin lesions 
may persist for 4 to 14 weeks (\oumans and Corlette 1938) 

Absorption of fat seems to aid m assimifation of carotene Com erseij. 
a diet too low in fat or deficiency of bile in the intestine ma) reduce absorp 
tion of carotene Steatorrhea from any cause biliary obstruction and 
the taking of liquid petrolatum may interfere with the absorption of 
carotene and of vitamin A It is probable that the utilwalion of carotene 
and of vilamwi A mav be disturbed in severe cases of liver disease When 
the normal flow of bile into the intestine is reduced bile should be admin 
istered to the patient When factors arc present uhtch may operate 
against absorption of carotene larger dosage of carotene or of vitamin A 
IS indicated 

ToDCity — ^Evidence n> lacking that vitamin A, per se, is toxic to man 
or animals, but experiments on animals indicate that cod liver od given 
m considerable dosage is toxic for certain kinds of animals and perhaps 
for man Muscular dystrophies and degeneration of the heart muscle 
have been attributed to constituents of the oil Until more is known 
about this matter some caution m the use of large and rep-ated doses of 
highly concentrattd preparations of Uvet oil would seem to be advisable 
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\east and natural foods are believed to have some protective action 
against the toxic substances of fish liver oil Qausen (1938) has discussed 
the question of toxiaty of vitamm A preparations 
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The \itauin B Coupler 

Dr Otto A Bessey has kindly prepared the following statemeat about 
the \ itamin B Complex 

The term vitamin B complex refers to a group of water soluble 
dietary factors (vitamins) which have become grouped under one term as 
a consequence of historical development and iMcause of their similarities 
in properties and occurrence together in yeast and liver 

Confusion in terminology has developed due to the rapid progress in 
investigative work in this field and the subsequent unexpected multiplicity 
of factors DiSerent terms have been appbed to newly discovered factors 
and specific terms became entrenched in the literature before the existence 
of separate entities was established The terminology which appears in 
publications dealing with these factors and its meaning will vary depend 
mg on the country from which it came and the time at which it was written 
Soon after attempts had been made to determine the nature of all 
dietary essentials necessary for the rat McCollum (1916) proposed the 
name water soluble B for a newly discovered factor and presented evi 
dence that it was similar to tbe antibenben factor that Eijkmann {1897) 
had previously shown would prevent experimental polyneuritis in birds 
In 1920 Drummond suggested that the term vitamm (previously coined 



NDTamONAl, DISORDERS 


1030 

by Funke) with qushtymg letters, Aovld be used to designate the aero 
bets of this rapidly growing list of dietary essential factors until such time 
as the factors could be isolated and identified as pure chemical compounds 
It was soon found that the factor which had been designated as vitamin 
B was multiple in nature a heat labde fraction contained the anti 
neuntic factor while both this and a heat stabile factor were necessaj} 
for growth m the rat At about the same time (1925) Goldberger and 
Tanner showed that pellagra was due to a dietary deficiency and could 
be prevented by a heat stahtfe factor present m the yeast This factor 
had properties similar to the heat stabile rat growth factor They pro 
posed the name pellagra preventive factor tP P Factor) for this dietary 
essential This term was generally used until 1037 after which time it was 
gradually replaced hv ' mcolimc acid which had been identified as the 
principle chemical entity in question It had been found that jucotmic 
acid also prevents black tongue m dogs thus establishing the correctness 
of the early assumption that this disease in the dog corresponds to pellagra 
in man 

In igay, the British Accessory Food Factors Comnuttee proposed a 
system of nomenclature in which the term ' vitamin B ' was to be used for 
the developing complex vitamin B i for the antmeuntic factor and 
vitamin B a for the more heat stabile part of the complex As evidence 
for other factors appeared, they were designated as viiamin B 3 vitamin 
B 4 intamm B 5 etc 

A committee on Viianin 'Nomenclature of the American Societ} of 
Biological Chemists recommended m igrg that the term vitamin B 
be used to designate the antineuritic factor and vitamin G be used to 
designate the heat stabile fraction of the complex The use of the term 
vitamin G' has been confined almost exclusively to the American 
literature The terms vitamin G' or vitamin B 3' have been used 
in some instances m reference to the pellagra preventive factor 

K.uhn (1933) demonstrated that lacloflavin a vellow heat stabile 
pigment present in many natural products including yeast and liver was 
necessary for growth in the rat Additional evidence showed that it was 
this factor which had been measured by rat growth methods, as 'vitamin 
G in America and vitamin B 3 in Great Britain Vitamin B s has sub 
seguently been used extensively in the German and in the British literature 
as a designation for this factor In Amenca the term vitamin G‘ has 
been used In 1937 the American Committee on Nomenclature recon 
mended that this factor be designated as riboflavin and that the ter® 
vitamin G or vitamin G 2 be no longer used This committee also sug 
gested that the animeunlic factor be known as thiamin or vitamin B x 
and that the term vitamin B without asubsenpt be no longer used Many 
European publications have used the Urm aneurm in reference to the 
antmeuntic factor . , v , 

Thiamin (heat labile), nbonavia and nicotimc acid (beat stabiJe; are 
pure chemical entities of established importance m human nutntion 
Evidence for the existence of a number of additional heat stabtle members 
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of the B complex has come from separabon procedures on liver and jeast 
and from the response of rats pigeons chicks and dogs to these fractions 
and to treatment with various types of eipenmental diets Undoubtedly 
many of these factors will be shown m the near future to be important in 
human nutrition 

Vitamin B 3 and \itamin B 5 are designations of supposed growth 
factors for the pigeon 

\ itaimn B 4 a heat labile factor supposedly associated with speci&c 
paraljtic sjmptoms in the rat and chick 

Vitamin B 6 (factor V adermin) a pure compound which prevents a 
dermatitis in rats and an anaemia in dogs 

Pantothenic aad (filtrate factor) a pure compound which prevents a 
dermatitis in chicks and is a growth requirement for the rat 

Gray hair factor denotes a fracbon which prevents the development of 
gray hair in rats fores and other animals kept on certain experimental 
diets 

Factor W designates a supposedly necessary growth factor for the rat 
Retebences The Vitauin B Complex 
Ame lean Society of B ological Cbeniiu tvonenclature adopted by the Biochemical 
Society \itamiiia Bntiih Research Counc I pg S 93 (1917) 

Committee Report Annual hfeetiag 937 
Drummond J C The Nomenclature of the so called Aecesiory Food Fact rs (Vit 
mins) Bifckint Jour 14 660 1970 
Dutcher R A Vitamin B Termi ology Sc met bp 67 19 9 

Eijkmann C Erne Betiben Ahshebe Rrankheit der tluhser t trekOA Arch J 
Potk Amt 148 573 1897 

Goldbetger J i Tinner W F A Study of the Pellagra Preventive Action of dried 
Beans Casein Dried Milk and Breners Veast with a Consideration of the essential 
preventive Factors involved V S Pub IJtoilhRtpli 40 $3 925 
Ruhn R Gytirgy P & ^\ agner Jauregg T Ueber erne neue Kasse von Natur farb 
stoSen (Vorlaufige MitCeiluag) Btr Chtm Gts lltch 6b 317 1933 
McCollum E V 4 Kennedy C The Dietary Factors operating m the Productionof 
Polyneuritis Jour Bi I Cktm 34 491 1916 



Chapter XXXIII 
BERIBERI 

Svnonyms — Polyneuntis Fndi'niica Barbiers (Cbna and 

Japan) Maladie des Sucreries (rrench Antilles), Hmchazon (Cuba) 
Inchafao or Perneiras (Braail) lllaladie des Jambes (Louisiana), Aicohohc 
Neurms 

Definition — Beriberi is a disease of nutrition sihich is attributed to 
inadequate ingestion absorption or utilization of the heat labile portion 
of the vitamin B complex uhich is usually designated as sitaroin B i or 
as thiamin Tvpical cases are characterized by neurological lesions 
involving particularly the penpheral nerves of the limbs or bj acute 
congestive failure of the heart which develops m the absence of lesions of 
the valves, hypertension, coronatj disease or of pronounced changes in 
the myocardium 

History — -Betibcn has long been known m parts of the tropics and sub 
tropics Its occurrence, m modmed form among fishermen and sailors on 
the high seas was recognized a generation ago The discover; of beriberi 
in Newfoundland in X914 has proved that this disease could develop m a 
cold climate Evidence which has accumulated during the past ten jears 
indicates that ‘alcoholic neuritis is to be regarded as beriberi in the 
alcoholic subject and that beriberi may be conditioned by a consider 
able number of other diseases or cucumstances in which nutrition is 
disturbed 

Geographical Distribution — Bctiben has been particularly prevalent 
in southern China Japan Malaya the Dutch East Indies and the Phiiip 
pine Islands Notable outbreaks have occurred in Brazil, in other tropica! 
parts of South America and m AInca Manv cases occurred in a garri on 
in Puerto Rico m 1918 In 1928 numerous cases of beriberi were recog 
nized among iice farmers of Louisiana "Die incidence and distribution of 
sporadic cases in the temperate ^.oues is imperlecllj known 

A good many years ago beriberi virtually disappeared spontaneously 
from the Amazon Basin More recently the application of effective 
methods of prevention has greatly reduced its prevalence in the Far East 

locidence — Race, age and sex have little if any influence ptr it on 
susceptibility to benben Outbreaks of the disease have been associated 
at times with insanitary conditions m gaiTibons prisons asyfums and on 
ship board An epidemic of infectious diarrhoea or of some other mfec 
Uous disease may condition an outbreak of benben In South China 
and la some other localities benben prevails particularly under seasonal 
climatic conditions which are characterized by heat and humidity It 
toys 
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would be rash to asseil that chmatic conditions have no direct influence 
but It IS more probable that coincident modifications of diet are of greater 
importance 

An ill balanced diet m which polished rice or other starchy food pre 
dominates vs responsible for most of the cases of benberi In Newfound 
land particularly during the winter months white flout pla>s a idle 
like that of polished nee 

Etiology 

Vitamin B l — It is generally believed that the more characteristic 
simptoms of beriben are caused by dcficiencv oi vitamin B i Such 
deficiency ma> be brought about b> inadequate ingestion b\ defective 
absorption and probably b> metabolic disorders which interfere with 
utilization of the vitamin after absorption from the intestine 

The requirements of the bod> for vitamin B i increase with the 
meubohe rate and with the caloric value ol ingested food Among con 
ditions which increase the need for vitamin B x are arduous work febrile 
diseases hyperthyroidism pregnancy and lactation Absorption may be 
seriously impaired bv continuing diarrhoea by lesions of the gastro 
mtestitial tract or by short circuiting operations which involve the 
intestinal tract Advanced dwease of the liver probably restricts the 
storage and utilization of vitamin B i 

Ineadequat ingestion of vitamin B 1 may occur in connection with a 
great variety of conditions which may lead the patient to subsist on an 
ill balanced diet These conditions include certain racial habits pov eity 
chrome akoholism vomiting of pregnancy cancer of the gastro intestinal 
tract tuberculosis persistent anorexia dietary fadi&m and unwise thera 
peutic restriction of diet Beriben m nursing infants is caused by defi 
ciencyofvitammB { in the breast milk and this in turn is due to deficiency 
of vitamin m the diet of the mother or the wet nurse 

Aot ail the symptoms which occur more or less frequently in beriben 
can be attributed to dcfiaency of vitamin B x In atvpical cases some 
of the symptoms are caused by defiacncy of other components of the 
vitamin B complex or by deficiency of other important food factors Pro 
tern deficiency for example may be a factor m the causation of oedema 
There are numerous cases of combined deficiency in which signs of defi 
ciency of vitamin B i may be cither dominant or inapparent 

WTiile granting that the polyneuritis assouated with alcoholism preg 
nancy and gastro intestinal disturbances is due to nutritional deficiencv 
and that it is m every way similar to Onental beriben Meiklejohn (1940) 
believes that the exact nature of the deficiency causing nutritional 
neuritis remains obscure He said that it has not been demonstrated 
that this poly neuritis is due to deficiency of thiamin Vedder postulated 
that dry beriben is caused by dcfiaency of X and that wet beriben is 
caused by deficiency of \ In his most recently published paper 
(Vedder 1940) has said that a diet exclusively of polished nee is as 
deficient in the vitamin B 3 complex as in vitamin B i and that the nerve 
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degeneration of beriberi may be due chiefly to deficiencies of vitamin A 
and of the B complex 

There are stiil a lew persons who cling to the idea that benben is caused 
primarily b> an infection The expefimental investigations of Fraser 
and Stanton (1911) in Malaga and of Strong and Crowell (1913) in the 
Philippines demonstrated very conclusively the deficiency nature of the 
disease m man In the latter investigations m which beriberi was pro 
duced bv feeding deficient diets to individuals carcfull> isolated through 
out the experiments not onlj was its nature shown but also it was 
conclusiv ely demonstrated that the disease was not an infectious one The 
persistence of the view that it is infectious can he explained on the follow 
ing basis It is known that large numbers of people particularly in the 
tropics subsist on diets which are barely adequate under ordinary cir 
cumstances to prevent the development of benben Uhen m such a 
group an outbreak of infectious disease occurs the requirement for 
vitamin B i is thereby increased If the infection causes diarrhoea 
absorption of the vilamin is reduced As a consequence of either of these 
factors, an epidemic of benben may appear 

The theory that benben is caused by a toxic substance which develops 
In damaged rice, seems to require no more than passing mention How 
ever, rice which has been stored for a long time may deteriorate The 
growth of fungi m such rice reduces us vitamin content 

PnYSIOLOCV OF VlTASIIN B J 

Cowgill (1939) has evaluated the recent studies on the physiology of 
vitamin B 1 Uilliams and Spies (193$) have dealt w-ith the subject m 
greater detail 

Storage —The capacity of the body to store vitamin B t is relatively 
limited In experimental animals signs of deficiency may be produced 
within a period varying from ten days to three or four weeks Clinical 
experience indicates that symptoms may appear m man after a few weeks 
of inadequate diet Doubtless this penod is lengthened when the degree 
of deprivation is relatively slight Complete deprivation of vitamin B i 
can scarcely be expected to occur except under experimental conditions 
Vitamin B i is stored in the liver and m the kidneys It is nearly as 
abundant in the normal heart Even m fatal cases of manifest deficiency 
of vitamin B x some of the vitamin can still be demonstrated m these 
organs 

Vitamin B i is readily absorbed from both the small and the large 
intestine Diarrhoea reduces markedly the absorption of vitamin B r 
It seems probable that the vitamin B i which has been demonstrated m 
the faeces is synthesized there by certain bacteria 

Excretion — Vitamin B x is excreted in the urine and in human mdk in 
amounts which vary with the diet (Cowgill 1939) Hams and Leong 
{1036) believed that a daily excretion of less than 12 I U of vitamin B i 
in the urine is presumptive evidence that the diet is deficient in this 
vitamin 
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Funciaons of Vitamin B i — ^Disorders of gastric secretion peptic ulcer 
alterations of motility and tonus of the gastro intestinal tract and certain 
cases of chronic colitis have been attributed to deficiencies of parts of the 
vitamin B complex It does not seem possible as yet to decide whether 
deficiency of vitamin B i alone can cause auy of these conditions Anor 
exia and other mild digestive disorders are frequently attributed to 
deficiency of vitamin B i 

The normal heart is not mflutnctd by admwusttdtion of pure vitamin 
B I Therefore no beneficial effect is to be expected from the use of this 



Fig 226 — Wetloimotb b 


Vitamin except in the presence of defiaency of this substance The dis 
orders of the circulation referable to vitamin B i deficiency are discussed 
under Wet Beriberi (p 1045) 

Widespread degenerative changes which may occur in the nervous 
system have been attributed to defiaency of vitamin B i The lesions 
are not specific in character A number of clinical varieties of neurological 
degeneration which were lotineily ascnbed pntnaiily to some toxic or 
infectious agent, are believed now to be caused essentially by deficiency 
of vitamin B 1 These conditions are discussed under Dry Benberi 
(P 1044) 

Investigators agree that vitamin B 1 plays an important r61e m the 
intermediate carbohydrate metabolism Any condition which increases 
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the metabolic rate requires an increased amount of vitaimn B i A diet 
high m starches, sugar, or akofiol enhances the requirement Fats seem 
to have a sparing action for vitamm B i The nature of the relationship 
of vitamm B t to the metabolism of fat, however, is still undetermined 
Peters ^1936) and bis associates bebeved that vitamin B 1 functions as a 
co^nzyme in the metabolism of carbohydrates and that it plays a part in 
the oxidative break down of pvruvtc aad Accumulation of pyruvic 
acid or pyruvates m the blood and in the cerebrospinal fluid and excess 
of them m the urine seem to be reUted to deficiency of vitamin B 1 This 
vitatmn vs t sentval. for normal prowih and for maintenance 0! body vs eight 
Libido is often decreased and the chances of pregnancy are reduced bj 
defitventy of wtamin B 1 ll seems highly probable that the functions 
of various glands of internal secrebon are disturbed by lack of vitamin B i 

pATnOtOGV 

Heart — \ edder (1938) has aaid that deaths from bexihen are due to 
cardiac hypettrophv followed bv sudden dilatation and cardiac failure 
rather than to lesions of the nervous system, however extensive The 
dilatation usually involves chiefly the tight ventricle and the right auricle 
The left ventricle may be dilated or contracted The sue and weight of 
the heart is considerably increased Microscopic examination of the heart 
muscle has revealed fragmentation fatty degeneration, and hydropic 
degeneration of muscle nbers Vedder attributed the fragrnentalion to 
post mortem changes In Java Wenckebach found hydropic degeneration 
without evidence of true hypertrophy of the muscle fibers He believed 
that the lesions which be observed were chardclenstic tor benben W cits 
and Wilkins (1936) observed vimdar lesions in cases of vuamin defitvtncy 
in Boston but they found lesions of (he same character m some of thej 
control cases The cardiac pathology thus far described seems inadequate 
to account for deaths of cardiac ongm 

Pathology secondary to cardiac insufficiency includes pulmonary 
oedema passive congestion of the liver, spleen kidneys and intestine 
accumulation of fluid in serous cavities and dependent oedema The 
oedema may be generalized but it seldom involves the face Punctate 
hemorrhages are not uncommonly found under the pleura in the stomach 
and in the duodenum 

Nervous System — The lesions in the nervous system in benben show 
th^ characteristics of a degenerative process Signs of infiammalion arc 
absent Wliereas the term neuritis implies inflammation the term neu 
ropathy proposed bv Wechsler is more applicable to the neutologual 
lesions of benben Neuropalhv may be demonstrable in any of the 
peripheral nerves m the cord and spmal ganglia in the nuclei of the 
medulla and the pons in any of the cmmal nerv es or m the sjanpathetic 
svstem Among the peripheral nerves the sciatic is apt to be involved 
early and to show relatively advanced lesions The cranial nerves most 
frequently involved arc the va^ and the phrenics 
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The membranes of the spma] cord and brain may show congestion 
Degetierativ e lesions are seldom demtmstrable m the cord e-^cept bj micro 
scopic examination The anterior and the postenor nerve roots and the 
motor and sensory tracts of the cord may be involved Changes in 
the cord are apt to be more pronoimced in the posterior columns and in the 
nerve roots than elsewhere \edder (1938) emphasized the important 
fact that the splanchnic nerves the rraal plexuses and the branches of 
the cardiac and of the solar plexuses may show degenerative changes 
Lesions of the axons may lead to or be concomitant with lesions in 
the cells from which they spring TTie degree of the degenerative lesions 



depends largely on the duration of the disease The microscopic lesions 
of the axis cylinders consist of destruction of the sheathes with or without 
fragmentation of the fibers The nerve cells may show signs of atrophj 
In cases of short duration lesions of the nervous system may not be 
demonstrable even by histological eTammation Usually the degenera 
live changes m a nerve are limited to some of Its fibers but an entire nerve 
may be destroved In chronic cases some of the nerve cells may die 
Dead nerve cells cannot be regenerated so that irreparable disability 
results 

The muscles supplied by the damaged nerves show more or less 
atrophy Neither the atrophic changes in the muscles nor the degenera 
live lesions of the nerves m benben show any charactenstic features which 
are peculiar to that disease 
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Symptomatology 

The onset of beriberi ma> be fulminating rapid or gradual Non 
fatal cases may become chronic Relapses and recurrences are common 
Among the premonitorj signs and earlj symptoms of benben are marked 
general weakness, loss of appetite and vague symptoms suggesting neuras 
thenia Usuall> the temperature and the white count are normal The 
urine IS negative By the time neurological svmptoms appear the tendon 
reflexes of the affected limbs are reduced These reflexes may be lost 
a later stage Tachycardia and enlargement of the heart usually appear 



Fig jjS— V t m n M {th ran) deficency Scale nerve t pg on Advanced 
dag 'V'taUon o£ nerve fib es (Prepa ati n C Dr R L Swank Courtesy Jl E per 
Med) 


earlj Slight anaemia due probably to iron deficiency, is not uncommon 
In typical cases the spinal fluid is negative throughout the disease 
Serum proteins are sometimes diimnisbed Probably this change should 
be ascribed to coincident protein defiaenej For convenience of desenp 
tion several forms of the disease are recognized dry henheri wet ben 
ben, atypical benben and infantile benben Cases of intermediate or 
mixed forms are common 

Dry benben is characterized b> more or less definite signs of neurop 
athy The onset as a rule is insidious bleakness of the leg muscles is 
so often an early symptom that the squatDng test has been recommended 
for diagnosis In more advanced cases toe drop causes the steppage gait 
and finally walking may become impossible Weakness and atrophy of 
the muscles develop coinadentalJy Sensory disturbances are usuallj 
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associated with the motor symptoms but the disorders of sensation are 
seldom as prominent as are the motor symptoms Among the common 
sensory sj mptoms are formication and hyperesthesia or blunting of sensa 
tion When the disease progresses the aims usually become involved in 
like manner In well marked and typical cases the picture is that of 
flaccid atrophic paralysis with or without cardiac enlargement and per 
sistent tachycardia Gradual recovery of injured nerve cells and slow 
regeneration of damaged neurons occurs in most cases When improve 
ment has been delaved until after the death of some of the nerve cells 
complete recovery is no longer possible 

WetBeriben — Fulminating cases are not rare They give the picture 
of congestive heart failure Usually the onset of cardiac symptoms is 


(Atte 


rapid The patient may first notice increasing weakness and a sense of 
fullness or of pain in the epigastrium Tachycardia and cardiac enlarge 
ment are present Even slight exertion may produce dyspnoea At 
about this time oedema of the feet and ankles appears As symptoms 
increase the epigastric pam tends to become severe dyspnoea is followed 
by orthopnoea with cardiac dilatation and pulmonary congestion the 
liver becomes enlarged and sensitive to pressure Oedema increases 
markedly It may become extreme but it seldom involves the /ace 
Serous effusions are common but they are difficult to recognize m the 
presence of marked cardiac dilatation and extensive oedema Systolic 
blood pressure falls The urme becomes scanty but contains little 
albumen Sudden vasomotor collapse may occur More or less definite 
signs of neuropathy can usuall ybe ehated by careful exammatjon Pro- 
nounced muscular w asting may be masked by oedema 
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In cases which recover the oedema disappears more or le s rapidlv 
The excess of fluid is eliminated bj diuresis The picture may then 
become that of dry beriben 

The mechanism of the circulatory disorders of beriben is still uncer 
tain For manji ears the cardiac disturbances were ascribed to lesions 
of the \ agi because demonstrable cardiac pathology appeared insufBc enl 
to account for them But \^ienchebach (10^4) believed that dvsfunction 
of the vagi could not explain the cardiac svmptoms He ascribed them 
to oedema of the heart mu-cle wiih resulting loss of contraclihtj Weiss 
and Wilkins (1936) found similar eban^a not only in circulate y disorders 
which they attributed to deficiency vitamin B i but also in control 
cases m which they believed that no such deficiency existed Their data 
indicate that not onlv the heart but also the peripheral circulation ina> 
be at fault It has occurred to me that lesions of the sympathetic nerves 
may perhaps play a part in the causation of the peripheral vascular 
phenomena 

The conclusions reached by Weiss and WilUns (J9J7) m a subsequent 
paper are so illuminating that they are quoted in full 

t Dysfunction of tbe CAtdiovnscuUt svsUm te ulUns from unbaUnced food 
intake is a di ease cf tegular occurrence in tbe United Slater This report is based on a 
itudyofuosu teases iSoEwbicitueteinvesUgatedwithinUoycan 

a The cardiovascufar manifestaiiona depend on chansea is the nervous system 
in tbe sascuUr )Xtem and in the myocardiuia 

3 Tachyutdu foUo'A ed by btadvcatdia gallop tbylhin vagal reflex irntabiUty 
dilatation ot the heart dyspnoea orthopnoea <od pulsiosary congestion a soaaVed 
nUh bounding actenal pulsation atterul pistot sounds engorged veins warm ikm 
and oedema are the usual clinical leatures o( severe cases 

4 The baeaodynamics arechacaeterued bylow vits) capacity of ihelurgs high 
venius pressure and normal atttnal pre sure and bv a relatively or absolutely inettasw 
velocity of blood flow and decreased peripheral ubliaation of arterial oxygen The 
osmotic pie ure ol the Wood is uvuiUv moderaieb low and IreguenjJy retua'ns 
essentially unchanged while tbe oedem« disappears 

5 The electrocardiograms were normal in bnt 7 per cent oi 67 cases The tna\n 
abnormahties onsistel in changes m the T waves and prolongation of the ele trical 
systole (Q "I ) The electrocardiographic changes vn patients with pellagra ot beriben 
probably are due to the 11 1 component of the viUnun de&neacy 

6 The miocardmm often showed hydropic degeneration of the muscle sod 
conductive tbers and inctease la the interceQi^r substances but unaltered water 


content 

7 The cardiovas rilar distnrbaaces caused by nutritional deficiencies do nol 
form a rigid clinical syndrome Bight ventricular failure left veoincular failure 
attenolar dilatation and increased Mwid flow peripheral Diculalory collap"C and shock 
singly or in combioatioo have been observed 

8 The onset of tbe disease may be sudd n ot gradual Patients with the severe 
form of the disea e show a tendency to lever to beonchopneumoma and to acute law 
circulatory coUap « Under therapeutic ateanues such as rert csriiac drigr diris 
neb in \itamia B i or crysUUine vitamin B t all the cardiovascular disturbances 


usually revert to normal ... 

9 The clinical symptoms and sgn the Uood chemistry the myocarojal changes 
the haemodynamics and therapeutw mponses eotrispond to those described in beriberi 
heart intbcQrevt The disease as observed w Boston however 15 charsetenred by 
more varied and more generalued mvcdvemeiit ot the cardiovascular system 



10 Evidence is presented indicating that vitamin B i deficiency plays a primary 
rfile m the preapitation of the disease Alcohol also t$ a significant factor not only 
because it supplies calories mthoat vttamin B t but also because its metabolic effect 
IS similar to that of a pure carbohydrate 

11 The rate of sesponse to vilnnwi B I in akohoUc and nonalcoholic benhen 
vanes The arteriolar system shows a more rapid change than the heart. The cardio 
vascular disorder usually disappears before the polyneunti The factors influencing 
therapeutic responses are discussed 

12 In nortnal subjects as well as inpatients with diseases other than vitamin B i 
deficiency even large doses of crystalline B produce no appreciable effects 

13 The condition here described bears peitinently on the climcal behavior and 
the mortality rates of alcoholic and nonalcoholic patients with vitamin B deficienaes 
(benben and pellagra) It may explain the poor reaction of these patients to increases 
in metabolic rate such as occur m febrile infectioos in byperthyroidi m or under 
surgical operations The therapeutic mdications under these condition are discussed 

Atypical Benben — Doubtless rudimentary forms of beriberi m which 
the symptoms are difficult to recognize are extremely common Patches 
of oedema tvhich have been attributed to \asomotor disturbances are 
seen occasionally in benben Lesions of cranial cerses other than the 
vagi and the phtenics occur rarely Lesions of the phrenic nerves may 
cause paresis of the diaphragm 

Many cases of food deficiency are of mixed type Symptoms attrib 
utable to scurvy or to pellagra are frequently associated with those of 
benben Among the well known muted forms of vitamin deficiency are 
ship benben and Rand scurvy Although the relalionship of nutritional 
oedema to benben is m doubt some of the cases of this disease in India 
have shown mild ntutopathit symptoms or cardiac dilatation which could 
be ascribed to benben The cbachaleh of British Somaliland as 
described by Buchanan (1932) has some features suggesting benben but 
It seems to be more closely related to pellagra 

According to JoUiffe (1940) and R D Williams et al (1940) early 
thiamm deficiency may cause a vanety of symptoms which are com 
monly labeled neurasthenia 

Infant benben is likely to appear m breast fed infants of mothers 
whose diet is deficient in vitamin B 1 The mother may or may not show 
signs of benben The symptomatology in the infant diSers considerably 
from that of benben in the adult Hoobler (1928) has well described the 
disease as seen m the Philippine Islands and also the milder types which 
he believes are common m the United States 

\omiUng constipation anorexia loss of weight fretfulness and pallor 
are among the early symptoms Vomitingis considered a grave symptom 
The cry becomes feeble and plaintive and the lone altered in a peculiar 
manner The altered cry has been attnbuted by some writers to pressure 
on the left recurrent laryngeal nerve by a dilated auricle Others have 
asenbed it to a lesion of the nerve itself During acute attacks of colicky 
pain the body and limbs become rigid and there may be cyanosis Opis 
thotonos or convulsions may occur There may be slight signs of menin 
geal irritation but the spinal fluid shows no abnormality The muscles 
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particularly those of the caH es are apt to be hypersensitive and the knee 
jerks diminished, but there is usually little clear evidence of neuropathy 
The course of the disease 30 infants tends to be rapid and the mortality 
used to be high Death is preceded by increasing tachycardia oedema 
and congestive heart failure Lymphopenia is said to be common m 
infantile beriberi 


Diagnosis 

An early case of beriben may appear to be well nourished Beriberi 
should be considered as a possible diagnosis n cases of motor and sensory 
neuropathy in which the peripheral nerves are chieSy involved and also 
m cases of oedema or cardiopathy which do not clearly belong in other 
categories The diet in such cases should be scrutinized carefully 
Because there are no positiv e diagnostic criteria a diagnosis of benben 
requires exclusion of other diseases which can cause neuropathy, oedema 
or circulatory abnormalities Among such diseases are tabes dorsalis 
pellagra nutritional oedema, nephritis and various kinds of myocardial 
diseases Trierthocresyl phosphate poisoning (' ginger or ' jake’ 
paralysis) causes a flaccid form of motor paralysis The possible signifl 
cance of this and of other neurotoxic chemicals should be borne in mmd 
when the diagnosis is in doubt 

Evidence of a recent attack of diphtheria n bich has been inadequately 
treated should suggest dipbthentic paralysis Early paralysis of the soft 
palate extension of the neurological signs downward and lack of sensory 
disorders characterize most of the cases of diphtheritic paralysis Arseni 
cal paralysis may closely sinsulate beriben Lead palsies as a rule are 
easy to recognize 

Even when a case of neuropathy has been ascribed to diphtheria to 
one of the heavy metals, or to some other recognized neurototic agent it 
IS still possible that deficiency of vitamin B i or dcfectivre utilization of 
this vitamin may play a significant etiological role Some of the ncurop 
athies occurring in diabetes may be traceable to vitamin deficiency 
There are also indications that defiaency of vitamin B z is an important 
factor in LorsakofF s syndrome in some cases of Landry s paralysis and 
probably also in Wernicke s syndrome Vitamin B i deficiency may 
prove to be significant in some of the other diseases of the central nervous 
system which are not ascribable to inflammatory processes to artetio 
sclerosis to hereditary influences or to the known neurotoxic agents 

Among the conditions which may lead to benben as a sequel are dietary 
fadism unwise and prolonged therapeutic restriction of diet chronic 
alcohohsm, pregnancy and lactation hyTierthyToidism malnutrition 
inadental to severe infectious disease, to chronic wasting disease, cirrhosis 
of the hver, or to certain operations on the gastro intestinal tract WTien 
neurologic lesions develop in connection with any of these conditions 
vitamin B i deficiency should be considered as a possible cause 

The therapeutic test based upoji administration of adequate dosage of 
thiamin over a period of ten days undoubtedly has diagnostic value m 



BEKDEKI 


1049 


cases of benben having disotders of the arculation or of the digestion 
It can not be recommended for diagnosis of cases in which evidence of 
neurological lesions predominates 



Fic j JO — Ch» act ri t c p s t on It t in t oiti benben (Ml r ern t ) 

Studic of the unnary excretion of Ihiamm (Robmson et al 1940) 
indicate that under ptoperK controlled conditions the level of the unnary 



Fig ijt — Galt in I opb b b*il (From Ruse Mahlent anl tor V«tlb ) 
excKtion ol thiamin permits an obectne determination of the state of 
thiamin nutrition m the human subject and that patients who have sub- 
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sisted On a diet which is deficient m thiimin excrete a smaller percentage 
of a test dose of thiamin than do persons whose diets ha\e been adequate 
in thiamin 

It bag 6e«a suggested that the detemunation al the amount of blood pynrnc tad 
may be of value in diagnosis However actuall) this is of bttie value m the diagnosis 
of the di ease itself though it may be of some laterest in measunng the seventv of the 
infection and pyruvic acid is increased e^McuUy in severe fulminating or advanced 
cases Eddy and Dalldort (1941) have employed the method of Platt and Lu for Ibis 
purpose Values above i 30 mgm per cent are considered abnormal 

Prognosis— Death is to be expected m fulminating cases of benben whether in 
adults Or m infants In the less acute cases deaths are frequent unless adequate 
treatment is applied promptly The prognosis is better in Cases in which neurologic 
symptoms predominate and m which arculatoty disorders have not appeared Perms 
nent disability may result from irreparable damage to the nerves if recovery is long 
dela}ed through failure to recognize the condition or to provide adequate treatBicnt 

PFOPHYIjuaS 

Diets which contain large proportions of starches or of starches and 
sugars should be supplctnenled by foods containing ample quantibes of 
vntamin B 1 Under conditions which are known to require increased 
amounts of this vitamtn the vitamin component of the dietary should 
be high 

In countries or localities where polished rice is the pnncipal food of 
large numbers of people its use should be discouraged by appropnate 
legislation UndermiUed rice barley and oatmeal are excellent sub 
stitutes During the winter months when poor families such as those of 
the fishermen of Newfound arc bkely to subsist chiefly on white flour 
and salt pork efforts should be made to provide them with the vitamm 
containing foods or with vitamin concentrates The dietaries of ships on 
long voyages of prisons asylums garrisons and labor camps should be 
so planned as to provide the necessary accessory food factors 

Bread made from whole wheat flour contains much vitamin B i 
whereas white bread contains little if an\ Where maize is the staple the 
meal used should contain the germ of the gram Excessive refinement 
as m the case of white wheat flour removes the vitamm-contaming germ 
Some of the canned foods and espt^aally those which are acid are said to 
retain much of their original content of vitamin B r 

Methods of cooking fresh meat and fresh vegetables require attention 
Prolonged boihng is likely through beat and oxidation to destroy vitamin 
B I Considerable amounts of it are dissolved in the water in which 
vegetables have been boiled Ordinanly this water is thrown awa> 
It should he added to soup Cowgill (1939 a) heheved that ATnencan 
dietaries as a whole are unsatislictozy with respect to the contint of 
vitamin B I and that it would be advantageous to add this substance to 
staple American foods 

In the many diseases or conditions which predispose to benben the 
danger should be foreseen and preventive measures should be adopted 
More attention should be directed to the prevention of mild states of 
subopbmal nutrition or of partial deficiency Doubtless they are common 
m the United States and in Europe as well as m the tropics 

The possibihty that the thiamin content of soils and of ferUlizers may 
be significant m relation to the food -wlue of crops has been 
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by Williams and Spies (1938) The relationship of soils to nutrition has 
been discussed b> Auchter (1939) Knowledge of this kind may prove 
to be of great value in the prevention of beriberi 

Tbeatment 

General — When beriberi is considered as a possible diagnosis the 
patient should remain strictly in bed This precaution is \ ital in early or 
acute cases lest serious circulatory symptoms should supervene Cardiac 
stimulants are of little value for the circulatory disorders of beriberi 
\ enesection may be beneficial m cases of acute congestion Distention is 
to be avoided Foods should be taken m small amounts and at more 
frequent intervals When there is much oedema the fluid intake should 
be limited Adequate treatment by diet and vitamin concentrates usually 
results in rapid elimination of the fluid by diuresis The diet should be 
of high caloric value and should contain an abundance of all essential food 
elements including those of the vitamin B complex as a whole Cases 
which have neurological lesions of the limbs recover slowly Meanwhile 
the development of contractures must be prevented Opiates may be 
needed for severe neuritic pain 

Vitamin B i — At first a considerable excess of vitamin B i as com 
pared with the normal requirement (p 1054) should be administered in 
the diet or otherwise It 1$ important also (0 provide an abundance of 
the other vitamins and accessory food factors because more or less defi 
ciency of some of these substances is bkelv to coexist 

Serious circulatory symptoms may develop rapidly even m mild cases 
of beriberi Therefore it 1$ safer to administer a vitamin concentrate 
from the outset rather than to trust to diet alone The concentrate used 
should be of standard quality and of known unit strength The Inter 
national Unit is more often referred to m recent literature than is the 
Sherman Unit The International Unit has been considered as equal in 
terms of vitamin activity to from one to three or even four Sherman Units 
Among the vitamin concentrates used to supplement the diet are 
extracts of rice polishings or of wheat bran and dry powdered brewers 
yeast which has not been autoclaved Autoclaved y east contains vitamin 
B r but not vitamin B i The unit strength of the various commercial 
preparations of yeast differs markedly 

Beneficial effects resulting from the administration of vitamin B i are 
to be expected only when the symptoms are due to a deficiency of this 
vitamin Appetite may return promptly digestive disorders may abate 
and circulatory symptoms may show rapid amelioration Oedema and 
cardiac enlargement may disappear The response of infants to vitamin 
concentrates may be dramatic 

Neurological svmptoms re pond but slowly particularly in cases of 
long duration McGee (1939) believed that the rate of cure of poly 
neuritis m alcoholics was detemuned by the duration of the svmptoms 
rather than by the dosage of vitamin B r Dr Madelaine R Brown 
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(personal communication) expressed doubt as to the ad\ antages of using 
thiamin or ev en vitamin concentrates m cases of peripheral neuropathy in 
alcoholics provided that the patient could take an adequate diet AU are 
agreed that impro\ement of sjmptoms which are clearly due to degener 
ative lesions of the nerves in beriben is very gradual under any known 
form of treatment Inasmuch as repair of nervous structures is ordinanU 
a slow process it is doubtful whether rapid recovery can ever be 
achieved 

Dosage — Strauss (1938) has recommended for the mild type of case 
that 30 grams (2 Gm ) of powdered brewers yeast of good potency be 
taken thrice daily Definitely diagnosed cases of berihen were treated 
with pure crystalline vitamin B 1 (tbiamm) bv intramuscular or intra 
venous injection in the daily dose of 30 to 50 mg for a fortnight There 
after oral administration in the same dosage was emploved or if the 
injections of thiamin were continued the dose was reduced to 10 mg daily 
Aring and Spies (1939) recommended for an adult a diet providing 4500 
calories and rich m vitamin B x They supplemented the diet bv adrnims 
iration of dried brewers veast(6o2 or 170 Gm dailv), or extract of rice 
polishings (tikitiki) (3 ox or 85 Gm daily), or crystalline vitamin B i 
(10 mg twice daily) They believed that m severe cases of beriberi 
20 mg should he administered and that m cases of mild deficiency, doses 
of 5 mg daily are adequate When there is reason to suspect that absotp 
tion of vitamin from the intestine may be unpaired and probablv also m 
diseases of the liver injections of thiamin are to be preferred to oral 
administration of thiamin or of concentrates 

According to Strauss (1938) overdosage with crystalline vitamin B i, 
even when employed intramuscularly or intravenously entails no harm 
However Narat and Loef (1937) have reported the presence of depressor 
substances in vitamin B 1 concentrates and even in a crystalline prepa 
ration of vitamin D i Their experiments were performed on dogs and 
rabbits Caution may be advisable m the intravenous use of thiamin in 
the presence of severe circulatorv disorders of doubtful nature Never 
theless intravenous injection is the method of choice for treating acute 
and alarming circulatory disorders which are caused by deficiency of 
vitamin B 1 

In moribund cases of beriben wUh circulatory failure Hawes (1938) 
has observed astonishingly rapid improvement after (intravenous ?) 
injection of huge doses of pure vitamin B i He injected in some of 
his cases 2000 I U at a single dose When too small a dose was given 
the benefit was transitory and was followed by collapse The effect of 
a single adequate dose was lasting Toxic effects were not observed 

Because of widespread and increasing enthusiasm for the use of v itamin 

B I It IS well to remember that not all degenerative diseasesof the nervous 

system are due to deficiency of vitamin B i The combined degeneration 
of the cord which occurs in pernicious anaemia and the lesions of the cord 
and brain seen m pellagra seem not to be appreciably benefited bv admin 
istration of vitamin B i 



\iiAmN B I Content op Foods 

Using the rat growth method of assay Boohcr and Hartzler (1930) 
ha\e recently determined the vrtamm B 1 content of many common foods 
Their results were expressed both in international units and in milligrams 
of thiamin for the edible portion of the food as prepared for cooking or for 
table use The foods tested were classified as follows 


Excellent (15a IntematioDal Units or more 

per TOO Cm ) 

Beans lima dried 

Cowpess dried 

Oatmeal qu ck cooking 
Oats tolled 

Peanut germ ! 

Peanut skins 

1 Peanuts whole taw 

1 Pork chop (lean portion) 

Pork ham smoked (lean 
portion) 

Soybeans fresh green and 

Good (lee to i$» International Units per 100 Gm ) 

Beans Inna green 

Beans navy dried 1 

Co n meal white 

Egg yolk 

1 Milk powder skim 

1 Mi)k pouder whole . 

j Peas green 

Rye whole 

iMainute Persian /’English) 
j Wheat whole 

i 

Fair (30 t' 

0 100 lotemaiional Units per 

oCm) 

Asparagus 

Beef lean muscle 

Broccoli 

Brussels sprouts 

Ca liflowet 

Chicken dark meat 

Corn meal }elloH 

Corn sweet 

Rale 

Lamb lean muscle 

Liver 

Mustard greens 

Okra 

Peanuts toasted 

Pineapple 

Potatoes 

Prunes dried 

Spinach 

Sweet potatoes 

Turnip greens 

Wheat shredded 


Poor (less than 50 lolematioital Units per 100 Gm ) 


Apples 

Fish balbut 


Bananas 

Fish salmon red canned 

Oranges 

Beans g een snap 

Fish trout fresh water 

Ppa rhrs 

Beans yellow wax 

Flour wheat straight 

Pears 

Beets 

milled 

' I lums 

Blackberries 

Flour patent 

Raspberries black 

Cabbage 

Crapcfrait 

Raspbe ries red 

Carrots 

Lettuce head 

Rhubarb 

Celery 

Milk condensed 

Rutabag s 

Cheese 

Milk evaporated 

Sauerkraut 

Chicken white meat 

Milk skim 


Cocoa 

^Iilk whole ' 


Corn flakes 

hlolasses 


Egg while 

Muskmelon 

Turnips 


The 1 itamm B i content of ordinary diet can be enriched by adding to 
soup either barley or the water in which \egctablps have been boiled by 
eating vitamin rich cereals such as oatmeal or barley by using whole 
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wheat bread and bj replacing some of the ordinary meats with liver 
kidnejs or other glandular organs Most of the vitamin B r content of 
eggs IS m the >oIk The fegumes are relatively rich in vitamin B i even 
when dried Although rich in other vitamins fresh cow s milL is rela 
tively poor in vitamin B i Infants fed on cow s milk should therefore 
take a concentrate of vitamin B i 

As to canned foods it has even been stated* that “commercially 
canned foods may be depended upon to supply vitamin B i to extents 
proportional to the amounts of the vitamin originally present in the raw 
materials from which they were prepared 

The Council on Foods of the American Medical Association (Rose 
1940) has reported on the effects of refrigeration and cooking (p 1359) 
as follows 

Losses in vitamin B 1 (thiaroin) content of quick frozen foods are 
due to the preliminary blanching or to cooking for the table rather than 
to the refrigeration Thus Rose and Phipard found no loss of vitamin 
B I in frozen peas as compared with the same peas fresh and uncooked 
but there w'as a loss of 46 per cent brought about by cooking fifteen 
minutes no cooking water being discarded An even greater loss in short 
time cooking has been reported by Munsell and Kifer, namely a depre 
ciation of £0 per cent m cooking broccoli for fifteen minutes Fellers 
Esselen and Fitzgerald have reported practically no loss of vitamin B i in 
frozen peas and little in spinach (8 per cent) but in the case of lima beans 
and asparagus the differences between fresh and frozen averaged 54 and 
46 pet cent respectively The order of loss appears to vary with the 
blanching time indicating again that cooking rather than freezing is 
responsible for the change 

VitanunB-i Requirements — The Technical Commission of the League 
of Nations Health Commission recently estimated the human requirement 
for vitamin B i The Report (1938) said that An allowance of 10 inter 
national units per 100 calories of food intake seems to be adequate This 
allowance would place at 300 international units the daily requirement for 
an adult of 70 kilogrammes body weight receiving a diet of 3000 calories 
It was further recommended that the diets of pregnant and lactating 
women should contain two to three times the amount of the minima! daily 
requirement (1 e 600 to 900 units) that infants should receive 10 to 15 
international units per joo calories of food intake and that 200 to 250 
international units be allowed for nursery school children These recom 
mendations closely approximate those of Cowgill (1938) 

Pharmacology of Thiamm — ^The heat labile part of the vitamin 
B complex which is known to be important for man is vitamin B i In 
Its chemically pure crystalline form it is called thiamin or aneunn 

Thiamm is usually prepared and administered as the hydrochloride 
(also called chloride or crystallme vitamin B r hydrochloride) In solu 
tion thiamm is acid It can be sterilized at 120 C because heat has 
little effect upon it except m neutral or alkaline solution (\\ illiaras 1939) 
!'iulrilive Aspfds of Canned Foodi Amtncam Can Company igjj 
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Thiamin cr>stals absorb water on exposure to air and they are very 
soluble in water 
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wheat bread, and by replacing some o! the ordinary meats with li\er 
kidne>s or other glandular organs Most of the vitamin B i content of 
eggs IS m the >olk The legumes are relatively rich in vitamin B i e\en 
when dried Although rich in other \itamins, fresh con s milk is rela 
tivelv poor in vitamin B i Infants fed on cow s milk should, therefore, 
take a concentrate of vitamin B i 

As to canned foods it has even been stated* that commercial!) 
canned foods maj be depended upon to supply vitamin B i to extents 
proportional to the amounts of the vitamin originally present in the raw 
materials from which thc\ were prepared ’ 

The Council on Foods of the American Medical Association (Rose 
1940) has reported on the effects of refrigeration and cooking (p 1359) 
as follows 

Losses in vitarmn B i (thiamin) content of quick frozen foods are 
due to the preliminary blanching or to cooking for the table rather than 
to the refrigeration Thus Rose and Phipard found no loss of Mtamin 
B I in frozen peas as compared with the same peas fresh and uncooked 
but there was a loss of s 6 per cent brought about by cooking fifteen 
minutes no cooking water being discarded An c\ en greater loss in short 
time cooking has been reported b> Munsell and Kifer namely a depre 
elation of so P«r m cooking broccoli for fifteen minutes Fellers 
Esselen and Fitzgerald ha\e reported practically no loss of vitamin Him 
frozen peas and little m spinach (8 per cent) but in the case of lima beans 
and asparagus the differences between fnsh and frozen averaged 54 and 
a 6 per cent reapectueU The order of loss appears to \ar> with the 
blanching time indicating again that cooking rather than freezing is 
responsible for the change 

VitammB-i Requirements —The Technical Commission of the League 
of Nations Health Commission recently estimated the human requirement 
for vitamin B I The Report (1938) said that An allowance of 10 inter 
national units per xoo calorics of food intake seems to be adequate This 
allow ance w ould place at 300 international units the dail> requirement for 
an adult of 70 kilogrammes bod> weight rcceising a diet of 3000 calories 
It was further recommended that the diets of pregnant and lactating 
women should contain two to three times the amount of the minimal daily 
requirement (1 e 600 to ooo units), that infants should receive 10 to is 
international units per loo catones of food intake and that 200 to 250 
international units be allowed for nursery school children These recom 
mendations closely approximate those of Cow gill (1938) 

Pharmacology of Thiamin — ^The heat labile part of the vitamin 
B complex which is known to be important for man is \itamm B r In 
Its chemically pure crystalline form it is called thiamm or ancunn 

Thiamin is usually prepared and administered as the hydrochloride 
(also called chloride or crystalline vitamin B i hydrochloride) In solu 
tion thiamm is acid It can be sterilized at 120 C because heat has 
little effect upon it except in neutral or alkaline solution (W illiims 1939 ) 
hulnlite Aspicls 0/ Canned Feadt Ameruan Can Company 19J7 



m young children The local inadence of pellagra depends largely on the 
economic status and consequent dietary habits of the population In 
those parts of Europe and of the United States where the general economic 
level IS low and where maize is the staple food of the poor large numbers 
of cases of pellagra have occurred There have also been outbreaks m 
asylums and m camps when the dietary was inadequate in vitamins 

Contributory or secondary factors including infectious diseases ma> 
inSuence the incidence of pellagra at a particular time or place In the 
United States new cases of pellagra may develop at an> season but the> 
appear most frequently during the early spring 

ErtOLOGY 

When one compares the evolution of knowledge about their etiologv a 
striking parallelism is revealed between the history of beriberi and that of 
pellagra Both have been attributed in turn to specific articles of diet 
to tOTins of doubtful nature and to a vanety of infectious organisms 
Both diseases are now ascribed to defiaency of vitamins The primary 
and essential cause of pellagra seems to be deficiency of components of the 
heat stabile portion of the vitamin B complex Deficiency may be 
brought about by inadequate ingestion or decreased absorption or prob 
ably by disorders of metabohsm which might interfere with utilization 
of vitamins after absorption Among the contributory causes of pellagra 
are the acute or chronic infectious diseases particularly those associated 
with diarrhoea the chronic wasting diseases chronic alcoholism preg 
nancy and lactation 

Sydenstncker et al (1936) offered the hypothesis that along with 
deficiency of an extrmsic factor there is more or less deficiency of an 
intrinsic factor as well They believed that some individuals retain 
enough of the intrinsic factor to recover even on an inadequate diet that 
others regenerate it rapidly when treated with an abundance of the 
extrinsic or dietary factor and that still others totally lacking m the 
intrinsic factor are unable to regenerate it even under optimum dietetic 
therapy Even m the absence of the intnnsic factor patients may recover 
under substitution therapy A possible relationship between pellagra 
and disturbed liver function or failure of a diseased liver to store the 
required vitamins has also been postulated by Sydenstncker et al (1939) 

Milk meats and dried brewers yeast contain the heat stabile portion 
of the vitamin B complex which was formerly called vitamin B s or 
vitamin G Further study showed that vitamin B 2 contains various 
different substances which are important lor the nutntion of man or of 
animals (p 1036) At this point confusion as to nomenclature arose 
The literature indicates that such terms as vitamin B 2 and vitamin G 
have meant different things to different authors These terms therefore 
should be dropped The term Vitamin B 2 complex will be used here to 
designate the group of heat stabile components of the Vitamin B complex 

The vitamin B 2 complex includes mcotuuc acid and nbofiavin which 
have proved to be important for nutntion in man It contains also 



Chapter XXMV 
PELLAGRA 

Synonyms — Psilosis pigmentosa,, MaJ de la rosa, Mai del sole Alpine 
srurvy Cfaichistn (northern South America) 

Definition' — Pellagra is now believed to be a nutritional disease in 
which there may he deficiency of more than one component of the heat 
stabile portion of the \itamm B complet Sull other deficiencies coexist 
m many cases There is no dinjcal ground for distinguishing ‘endemic 
from sporadic cases of pellagra 

Tvpical and advanced ca^s of pellagra are characterized bv three 
groups of ajmptoms a peculiar form ol dermatitis digestive djstrdcrswith 
Of without diarrhoea and psychoses of the confusional type 

History —Credit for the hrst description of this disease is usually given 
to Casal iiho saw it in Spam in lyy; His paper was not published until 
FrapoUi named the di«ease pellagra la 2771 After iSto and 
for a hundred years the belief was widMy held that pellagra was caused by 
eatmg mai^e Those who supported the maize theory were called aeists 
Zea nays is the scientific name for maize or Indian corn The well 
know n re earches of Goldberger paved the way for the concepts of pellagra 
which are current today Infecuon is generj))/ regarded now as a con 
tributoty factor in some cases but not as a primary cause of pellagra 
As late as 1930, some still believed pel'agra to be an inftcUous disease 
Geographical Distribution — Pellagra has been common in Ital\, 
Spam Portugal, the Balkan States Greece and Tutkiy There were 
about 100,000 cases m Roumama m 1906 The incidence of the disease 
in Italy has been decreasing for a long time In iqio there were only 
33 809 cases repotted there, as against J04 607 ca^es in I'iSi 

In fgypt pellagra was first recognized by Sandwith in 1893 It has 
been widespread m Lower Egypt but rare in Upper Egypt where the 
people eat millet instead of maize It occurs also in Algeria and in other 
parts of Africa Probably pellagra is common in India, the Straits Settle 
ments China Japan, and the West Indian klands It 1$ common locally 
in Mexico and m parts of South America 

After the recognition of pellagra m the United Slates by Babcock in 
1907, the disease was found to be very preva’eat in the southeastern 
states During the past xo years cases have been discovered in many 
other parts of this country Doubtless mUted cases could be found in 
almost anv part of the world 

Incidence — Pellagra may appear in persons of any race at any age 
and m either sex In ome localities it is mote common in males than in 
females or vice versa Pellagra is said to be rare m infants but common 
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ascnbed to the existence of photodynamic substances arculatmg in the 
blood Porph>nn(p io6o)wasincnmuiatedb> Bassi (1934) but \nder 
son and A>res Jr (1934) believed that the hypersensitivity is related to 
disturbed sulphur metabobsm and through this to ammo acids and per 
haps also to the vitarmns Similarly the skin of pellagrins is said to be 
abnormallj susceptible to injurj by x rays The lesions seen occasionally 
on the genitaba appear to be imtatixe phenomena caused perhaps by 



Fio 233 — Butt fly erupt o on { ce of b Id t« y a old (peader ck d 
Th mp n) 

substances excreted through the skin The dermatitis seen in some cases 
on the elbows and knees might be attributed to the effects of friction 
against the bed clothes acting upon an abaocmally sensitive skin 

FaTIIOIOGIC PHlfSIOLOGY 

Turner (1931) reported the following findings (a) Plasma \olunie 
32 per cent above and 68 per cent below normal (6) Red cell volumes 5 
per cent above and 95 per cent below normal (c) Total blood volumes 
17 per cent above and 81 pet cent below normal 
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vjiamjn B 6 and pantoibemc acid It is generallj recognized non (haf 
dehciencj of nicotinic acid (p 1036) is an important cause of some of the 
s>inptoms of pellagra The situation tilth regard to nboflawn is less 
dear The “ignifacance for man of titamm B 6 is uncertain (p 1037), 
and that of pantothenic acid is still obscure 

Pellagra appears now to be a s>ndrome caused bj deficiency of irore 
than one fraction of the vitamin B 2 complex The \aried symptoms 
tology and the occurrence of atypical cases can be attributed to diffcnng 



Fig 333 — Dry derjn»t»ti» on fact J>a»d Ufck ood upper cV Egyptian ca 
(From LavjiuJer and BibcGcfc ) 


degrees of dfficicney of the several important components of the Mtamin 
B 2 complex and to the lack in some instances of other substances 
essential to nutrition Among these other factors which cooiphcate the 
picture rather frequently are 6cfiaenc> of vitamin B i of iron, or of 
protein 

Nutritional disorders apparently allied to pellagra but showing diver 
gent svmplomatology have been reported from Afnca by Stannus (1936) 
and by subsequent authors (Tir^ Dis Bull 1936 \ol 33 nos iz and 
la pp 8ts and 88$) 

Exposure to direct sunlight lends to aggravate or to produce skin 
lesions on exposed surfaces The increased sensitivity of the skm to sun 
light IS manifc ted during the active stages of peHagra It has been 
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changes m the skin the mouth and the oesophagus were descnbed in 
detail by Denton (1925) 

Gastro-intestmal Tract — ^The most frequently observed of the gastro 
intestinal lesions in pellagra is glossitis with or without stomatitis 
Superficial ulceration follows in some cases and secondary infection may 
occur Similar lesions ma> be found in the oesophagus in the stomach 
and m the small or more often in the lar^ intestine The wall of the 
intestine may be abnormallj thin The liver and the spleen usually show 
atrophj The hver frequentlj cihibits fatty degeneration The viscera 
may be pigmented The heart may show fatty degeneration or brown 
atrophy and fibrosis The adrenal glands arc frequentlj diseased 

Nervous System — Lesions of the nervous system have been demon 
strated in the brain the cerebellum the medulla and pons the cord and 
the peripheral nerves The distribution of the lesions is evtremely van 
able Damage to nerve structures is seldom visible except under the 
microscope Ljtich bebeved that still other neurological lesions may 
exist which are not demonstrable by available technics but which can 
give nse to symptoms 

Among the gross changes which have been found in the nervous system 
m pellagra are oedema or wasting of the brain excess of Quid in the 
ventricles and extensive degeneration m vanous parts of the cord The 
distribution of the cord lesions is so variable both as to the structures 
chieily involved and as to the Uvel of the more pronounced pathology 
that general statements are of little value Probably the principal lesions 
of the cord occur most frequently in the cervical and lumbar regions and 
m the crossed pyramidal tract m the posterior tract of Goll and m the 
fibers of the posterior roots The anterolateral tract seems to be inv olved 
less often The tract of Burdach and the direct cerebellar tract usually 
escape 

Frequently the nerve cells of the anterior and of the posterior horns 
in the spinal cord show degenerative changes The corresponding cells 
in the medulla and pons the pyramidal cells of the cerebral cortex and 
the cells of PurLinje in the cerel^Uum may how similar changes Lang 
worthy (1931) found pigment deposits in the cells of the sensory and 
autonomic ganglia and those in the spinal cord and brain stem 
The small cells of the sensory ganglia showed the greatest deposit of 
pigment Similar lesions of the brain and of the sympathetic ganglia 
have been reported by others 


SniFTOUs 

Course — The usual course of pellagra is subacute or chronic but acute 
cases occur and relapses are common The duration of the disease vanes 
from weeks or months to many years 

The first symptoms noted by the patient are apt to be skin lesions 
resembling sunburn or digestive disorders or both Less often mental 
disorders are among the early signs of pellagra As a rule their appear 
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Indicanuna has long been recognized as a frequent occurience Ii 
has been attributed to increase of the putrefactiv c process in the intestine 
James H Smith has advanced some important concepts regard 
mg the skin lesions of pellagra He said “An adequate supply and a 
normal metabolism of sulphur appCM to exert a protectne mSueace 
agamst the pathologic effects of solar irradiation The e\ iderce suggests 
that an inadequate supply of sulphur as cystine is an important cause of 
pellagra and that the abnormal metabolism of sulphur is an important 
feature of pellagra 

Although albumen and casts are present in the unne in about 50 pet 
cent of cases of pellagra, renal disorders are not characteristic t f the disease 
tSuUivan Stanton and Dawson roar) 

Several recent wntera have reported excess of porphyrin or 0/ por 
phynn like pigment ' in the urine of pellagnns Meiklejohn and Kark 
(tpypl discussing the lest for porphvnns as used by Beckh EUinger and 
Spies ( B E S lest ) oSered a different interpretation of its meaning 
They said it would seem more proper to refer to the B E S test as 
indicating the presence 0/ pigments capable of producing the uroiosem 
reaction rather than to refer to such pigments as porphyrin like substances 
which thev m no manner resemble 

Campbell and Sbavet (ipy?) reported that the blood of pellagrins 
reduces iodine solutions at a constantly greater rate than does the blood 
of normal or of diseased control patients They believed that this reac 
tion might be of value for diagnosis 

Hypersensitiveness to insulin has been reported as occurring in pel 
lagnns Mainzer (19^9) has attributed it to disease of the adrenals with 
consequent disturbance of carbohydrate metabolism 

Pathoiocy 

The pathology of pellagra is neither constant not characteri be 
Lynch (1932) said that the strurtuial changes of pellagra ate pnmarilj 
degenerative but may become irntative or e>cn inflammatory in character 
These changes may be widespread m the surface epithelium of the skin 
and in the mucosa of the alimentary tract or in the nervous system 
Emaciation which is usually pronounced and which mav become extreme 
IS very constant \trophic changes may be found in all the tissues, and 
in any organ 

Skin — A dermatitis associated with patchy or diffuse pigmentation 
usually occurs on surfaces exposed to light It is most common on the 
backs of the hands and on the cheeks It may be seen on the back of the 
neck or o\er the upper part of the stettium Erythema precedes pig 
mentation Similar skin lesions are seen on the dorsal surfaces of the feet 
on the shins and on the toreatms of those who e clothing does not cover 
these parts Dermatitis with thickening of the epidermis and erythema 
sometimes appears on the elbows and on the knees especuUymbed ridden 
patients Erythema or increased pigmentation and dermatitis may be 
found also on and about the genitalia or the anus The histological 



The group of digestive symptoms mdudes sensitiveness of the tongue 
and buccal mucosa, burning pain over the oesophagus and m the epi 
gastnum loss of appetite eructations flatulence cohc vague abdominal 
distress and diarrhoea or constipation Attacks of diarrhoea may alter 
nate with constipation Benu^tion of the epilhelnim of the tongue is 
apt to be especially marked at the tip and along the edges but the whole 
tongue may be bright red rough and fissured The buccal mucous mem 
brane ma> share in the process and superficial ulceration maydevelop 
The pyrosis and epigastric pain which succeed the taking of food ma> be 
so severe that the patient fears to eat 

Nervous System — The neurological picture m earlj cases is ill defined 
and the symptoms may be transitory Headache vertigo cramps in the 
muscles backache shooting pains in the limbs and sleeplessness and 
neurasthenic symptoms ate common Coarse tremor of the hands 
burning pains in the palms of the hands or soles of the feet and paresthesia 
or formication are frequently pxpenenced In advanced cases the picture 
IS usually that of spastic paraplegia with ataria and increase of the deep 
reflexes Romberg a sign Chvostek s sign tremor of the hands or ankle 
clonus may appear and finaUy contractures may develop Epileptiform 
attacks of cortical type or somnolence have been observed In cases in 
which the knee jerks are diminished or absent deficiency of vitamin B i 
may be a factor 

The early mental sy mptoms of pellagra resemble those of neurasthenia 
More definite psychoses appear later They may simulate manic depre 
sive insamty general paresis or senile dementia Hypochondriasis or 
melanchoha may lead to suicide Ilalluanations or maniacal attacks 
may occur In cases of long duration the insamty may become mcurablp 
Increasing weakness and muscular incoordination ultimately render the 
patient helpless Having reached a condition of extreme emaciation he 
dies of exhaustion or of intercurrent disease 

Lesions of the cramal nerves occur occasionally in pellagra Among 
them retrobulbar neuritis seems to be relatively frequent It appears 
early Lesions of the facial nerves or of the ocular muscles optic neunti 
toxic amblyopia or nystagmus may be caused by deficiencies of com 
ponents of the vitamin B complex They may however be more depend 
upon deficiency of B i than upon lack of constituents of the B 2 complex 
Circulatory disorders are seldom proimnent in pellagra but in a study 
by Mainzer and Krause (1940) of 23 cases in Egypt slight electrocardio 
graphic changes were found m about three fifths of the cases In some 
of the cases the changes disappeared rapidly after administration of 
nicotinic aad The electrocardiac changes w ere not considered character 
xstic of pellagra and some at least of them hav e been obseev ed in beriberi 
Tachycardia was most commonly encountered at the height of the disease 
and bradycardia during convalescence 

Infantile pellagra appears to be rdaUvely common m China and in 
Africa Cases tend to be atypical or mild A great variety of local 
names have been applied to it Signs suggesting pellagra are often com 
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ance follows that of other signs Increasing weakness loss of weight, 
and redness and denudation of the tongue are usually associated with tiie 
other signs of the disease 

Ordinarily, the temperature in pellagra is subnormal, normal or but 
slightly elevated In fulminant cases the temperature mav be high 
Anaemn when present is usually of moderate seventy The cell volume 
»s generallj decreased hut it ma> be increased Leukopaenia with rela 
tivt increase of lymphocytes is to be CKpected Hydrochloric acid mav 
be diminished or absent from ihe yastnc secretion even after admioist/a 
tion of histamine The digestive ferments and the quantity of gastric 
)uice ate said to be decreased Abnormalities m the spinal fluid are not 
seen in typical cases Individual cases rarely exhibit all the common 
sj mptoms of pellagra 

Skin — ^The distribution and general diaiactej of the skm lesions have 
been described under Pathology (p 1060) The lesions are strikingl) 
symmetneal Ordinanl> , those on the hands are sharply dehmitcd at the 
wrist and do not ettend to the two distal phalanges The derniabus on 
the face is les circumscribed than that on the hands It involves espe 
cially the malar prominences chicfiv, and the bndgp and the sides of the 
no e The forehead and the anterior aspect of the chin may be affected 
The skin les ons follow a sequence of development beginning with cry 
thema with or without light oedema This stage is succeeded by 
thickening and roughening of the epidermis and by a dirty looking pig 
mentation In the more acute cases vesicles may appear Usuall) 
patchy exfoliation of the skm leaves depigmented areas in which the new 
skm appears to be atrophied Sometimes there is a pigmented area which 
ettends from the sternum around the back of the neck and onto 
mastoid processes The lower margin of pigmentation may be sharplj 
defined whereas the upper border merges gradualtj into the normal skin 
of the scalp In some cases a line of pigmentation encircles the neck 

The lesions which occur on the elbows and knees show redness thivk 
ening and exfoliation with hlllc or no pigmentation They have some 
resemblance to psoriasis On the scrotum the vulva and in the region 
of the crotch there ma> be patches of dermatitis with redness or increased 
pigmentation There may also be balamlis, vaginitis, or urethritis The 
milder skin lesions cause little discomfort and they may not be noticed by 
the patient "More sev ere lesions arc associated w ith sensitiors of burning 
and Itching PigmetifaCion persists for a long time after recovery from 
the dermaUua The navis may be atrophic and brittle or deformed 

The skin lesions in the Negro show increased black or purplish pig 
mentation Those in ohve skinned persors are dark reddish brown 

^ot infrequently one secs on the sides of the nose a yellowish granu 
lar dry substance which protrudes hkc little horns from the mouths of 
the sebaceous glands Similar lesions may sometimes be seen on the chin 
Angular stomatitis’ and cheilitis (oheilosi ) are not uncommon in 
pellagra Recently several authors have attributed these lesions and also 
certain legions of the eves to nboflavm defiaency (p 1036) 
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With resulting nutritional oedema is present in 15 per cent of the pellagrins 
seen m his clinic m Georgia and that anaemia due to iron deficiency is 
found in 35 per cent 

The syndromes of Korsakoff and of Wernicke may be associated with 
characteristic signs of pellagra These syndromes are now attributed to 
deficiency of substances contained in the vitamin B complex It is pos 
sible that several other degenerative diseases of the nervous system are to 
be similarly explained (p 1035) 

Pellagra typhus is an acute form of the disease associated with high 
fever dehnum tremors generalized rigidity and convulsions In cases 
of this type the patient may appear well nourished This condition is 
believed to be rare 

Subclmical pellagra has been descnbed by Anng Evans and Spies 
(1935) as follows Subclmical pellagrins are noted for the multiplicity of 
their complaints among which are many that are usually classified as 
neurasthenic The most common of these symptoms are fatigue insom 
nia anorexia vertigo burning sensations in various parts of the body 
numbness palpitation nervousness a feeling of unrest and anxiety 
headache forgetfulness apprehension and distractibility The conduct 
of the pellagrin may be normal but he feels incapable of mental or phy steal 
effort even though he may be ambulatory 

Mindus (1939) in a senes of cases of gastric dysfunction of uncer 
tain nature found achylia or hypochylia m about 91 per cent The 
clinical picture in his cases was characterized by anorexia loss of weight 
simple anaemia insomnia amenorrhea bypesthesia lassitude muscular 
weakness and anxiety depression or apathy Many of these patients 
responded well to treatment for pellagra 

DirrEXENTlAL Dixgmosis 

There is no satisfactory test by which a diagnosis of pellagra can be 
confirmed Diagnosis is easy in cases showing the more characteristic 
lesions of the tongue and of the skm Nevertheless many cases of pel 
lagra have been erroneously ascribed in the past to sunburn to ivy 
poisoning or to various skin imtants used commercially 

Characteristic seasonal incidence a history of a previous attack or 
the recognition of other cases in the vianity or in the population group 
to which the patient belongs may hdp to establish an otherwise doubtful 
diagnosis of pellagra The diagnosis may be further strengthened by a 
history indicating a background of dietary deficiency or of chronic alco 
hohsm Prompt response of the gastro intestinal or mental symptoms to 
treatment with nicotinic acid or rapid improvement of certain other 
lesions after administration of nboilavin is highly suggestive of pellagra 
Responses to dietary treatment alone are less rapid The vague 
symptomatology of subclimcal pellagra should be borne m mind lest the 
patient be dismissed with a diagnosis of neurasthema 

It should be remembered that pellagra may be combined with signs of 
deficiency of various other essential food factors that it can develop as 
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bmed with evidences of deficiency of vitanun A B i C or D or with lack 
of protein or iron Oedema is a feature of some of these cases Des 
quamative dermatitis may be extensively distributed on the body The 
course of infantile pellagra may be lelativelv acute 



Fio 234 — Wet dermat ti8 Local zat on uiual Hand oedtmatouj Cached estate 
South Catolma case (From Lav nder and Qab ock ) 


Apical Pellagra — Occasionally soreness of the tongue only or mild 
gastro intestinal discomfort or increasing weakness and loss of weight occur 
without characteristic skin lesions These cases have been called pel 
lagra sine pellagra Other cases may show features resembling sprue or 
pernicious anaemia Sydenstneker (1940 b) said that protein deficiency 
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Those in authontj should guard against pellagra m labor camps 
garrisons prisons and asylums by assuring themselves that dietaries are 
adequate in pellagra preventing foods In the treatment of chronic 
diseases which interfere seriously with nutntion the dietary should 
include milk eggs and fresh meat When these cannot be taken in ade 
quate amounts the admimstration of brewers yeast or nicotinic aad 
and riboflavin is indicated for prophylaxis 

Trkatuent 

General — Ambulatory cases of pellagra can be treated by rest and 
improved diet but It IS well also to administer nicotinic acid 

When not exposed to direct sunlight the skin lesions on uncovered 
surfaces show a striking tendency to disappear even when the diet con 
tinues to be inadequate It is difficult therefore to determine the effect 
on the skin lesions of dietary or of other forms of treatment The effects 
of treatment for pellagra must therefore be evaluated largely on the basis 
of the tesponse of s> mptoms ttlaung to the gastro mtesunal tract or to the 
nervous system After adequate treatment improvement in the con 
dition of the tongue and of the buccal mucosa and ameboration of the 
digestive disorders appear with considerable promptness Symptoms 
referable to the nervous system respond more slowly as a rule An 
adequate diet for those who can assimilate it cures all the symptoms of 
pellagra In severe cases of pellagra or those of long standing the diges- 
tive system may be unable to cope with an adequate diet even when 
administered in the form of liquids and soft sohds Sometimes the 
administration of brewers yeast causes diarrhoea or vomiting Under 
these conditions mcotmic aad (p to68) or liver extract should be used 
The lesions which have been ascribed to nboflavin deficiency (p 1036) 
may yield slowly or not at all to nicotimc aad but they may respond 
quickly to riboflavin Vitamin B 6 pantothenic acid and perhaps still 
other heat stabile components of the vitamin B complex (p 1037) may 
yet prove to be important in the treatment of some of the symptoms 
of pellagra It is important to administer to the patient all the necessary 
food factors by diet or otherwise As in benben so also in pellagra 
conditions which increase the basal metabolic rate require larger amounts 
of the vitamins 

Nicotinic acid is ineffective as a remedy for nutntional cardiopathy 
or peripheral neuropathy These conditions usually respond to thiamin 
(p 1054) 

The crude liver extracts used by mouth may relicv e most of the symp 
toms of pellagra but the more refined preparations intended for injection 
seem not to contain all the substances required According to Ruffin and 
Smith (1934) they may be beneficial for macrocytic anaemia when pres 
ewt m pellagra Ruffin and Snath (1937) have also expressed the view 
that liver contains two factors both of winch are necessary for the treat 
ment of pellagra 
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a concomitant or sequel of a great vanetj of diseases in svhich the 
ingestion or assimilation of nourishment is seriously disturbed, and that 
mental disorders may be the first sj raptoms obsers ed 

The nervous and mental symptoms of pellagra must be differentiated 
from those of vitamin B i deficiency, permcious anaemia general paraly 
SIS neuro syphilis cerebral arteiiosdersosis and senility Usually the 
neurologic lesions of pernicious anaemia re emble those of benberi rather 
than of pellagra The central neuritis described by Adolph Meyer, and 
Scott s palsy (a form of central neuntis seen in Jamaica Sierra Leone and 
Nigeria) have stnLmg resemblances to pellagra They may be etio 
logically related 

It seems probable that certain cases of chronic ulcerative colitis are 
dependent, at least in part, upon deficiency of components of the B coo 
plex The same may be true in some instances of poisoning by the heavy 
metals 

According to Barondes (1936) selenium poisomng m animals or 
alkali disease, resembles pellagra in that gastrointestinal symptoms 
nervous and mental disorders and dermatitis following exposure to bright 
sunlight are common to both There appears to be a relationship betneen 
the toxicity of selenium and dietary defects Thus it seems possible that 
cases of selenium poisoning m man rmght be mistaken for pellagra 
Prognosis —The mortality from pellagra has been high and some 
times Very high in the past Since the advent of modern methods of 
treatment the prognosis has improved enormously In general recovery 
IS to be expected not only in early cases but also m chronic cases with 
advanced emaciation and severe digestive disorders provided that ade 
quate treatment is applied promptly The outcome is uncertain even 
with good treatment, in the presence of serious intercurrent disease 

Pbopiivlaxis 

Because the incidence of pellagra is intimately related to poverty and 
to the monotonous and inadequate dietanes which poverty may impose 
the large scale prevention of pellagra 13 partly an economic problem and 
partly one of education m the essentials of nutrition Goldberger showed 
years ago that pellagra can be prevented by adding to an lU balanced 
diet sufficient quantities of fresh meat milk and eggs and that dried 
brewers yeast also contained his pellagra preventing or PP substance 
As Sebrell has pointed out (*938) the prevention of endemic pellagra 
IS simple in theory but difficult m practice To this end one should not 
forbid the ordinary and cheap foods of the locality but should ad\ ise that 
they be supplemented by green leafy vegetables fresh or canned milk or 
buttermilk, lean pork instead of fat pork canned salmon haddock and 
corned beef poultry and rabbits (sec also p 1053) Home gardening 
should be encouraged in order to provide fresh vegetables Powdered 
\east or nicotinic acid may be distributed m the spring months when 
pellagra develops most often Measures which reduce the incidence of 
chronic alcoholism are likely, also to reduce that of pellagra 
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Nicotinic acid has been administered by mouth in solution in tablets 
or m capsules In small numbers of cases it has been used b> hypodermo 
cljsis intramuscularly or intravenously dissolved in sterile physiological 
salt solution Administration by mouth is usually the method of choice 
Armget al (1939) recommended that at least 500 mg should be admin 
istered daily by mouth in 10 equal doses In eTtiemely severe cases they 
suggested dosage of 1000 mg daily They have used as much as 2000 mg 
daily m divided doses nithout untoward results In a comprehensive 
article on the treatment of pellagra Spies Bean and Stone (1938) reported 
excellent results in pellagra following the use of nicotinic acid nicotinic 
acid amide or sodium mcotmate by mouth They state that 500 mg 
daily in divided doses is usually effective but that double dosage seemed 
sometimes more beneficial and that small dosage may give dramatic 
results 

Single doses of aoo mg by mouth or ro mg intravenously very 
promptly produced flushing of the face and of the upper part of the trunk 
This was associated with burning and itching sensations increased artiv ity 
of the sebaceous glands and sometimes with increased gastro intestinal 
aietiiity Nausea vomiting or abdominal cramps sometimes followed 
the taking of large doses Nicotimc acid tends to increase the secretion 
of hydrochloric acid in the stomach 

Various authors have advised caution m the use of the larger doses of 
hicotmic acid until more is known about this drug Prolonged use might 
have ill effects thus far unknown and reactions attributable to idiocyn 
cracies may later be reported The dosago for children should be roughly 
in proportion to body weight Field Jr and Robinson (1940) have given 
as much as 500 mgm of nicoiimc acid amide by mouth on an empty stom 
ach without causing vasodilatation or any abdominal cerebral or cardiac 
symptoms Nicotinic aad amide is a normal constituent of the body 
whereas mcotinic acid is not Therefore use of the amide would seem to 
be preferable 

Spies Bean and Stone wsed mcotinic acid intravenously in only 
two cases of the series then reported One patient showed marked 
improvement after receivmg 10 mg daily for 4 days and another after 
taking 20 mg daily for the same period 

In another article Spies Cooper and Blankenhorn (1938 a) reported 
having used 30 mg of nicotinic aod in physiologic salt solution as a single 
dose administered intravenously at the rate of a mg per minute and as 
much as 80 mg to a patient within several hours To another patient 
100 mg was administered in abler of physiologic salt solution by infusion 
Untoward symptoms did not occur Probably nicotinic acid should be 
used by the intravenous route only' when the patient because of vomiting 
cannot take it by mouth 

In a number of cases of pellagra which were kept on a restricted diet 
and treated with nicotinic acid only relapses have occurred They have 
yielded to increased dosage Other such cases have developed peripheral 
neuropathy while taking mcotmic acid These observations serve to 
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Hj pochromic anaemia requires iron W hen absent from the gastnc 
secretion, hydrochloric acid can be pre cnbed advantageousU bv mouth 
Good results have foIlQ\%ed the use of \enlncuUn in cases in which the 
gastric secretion was defective 

All severe cases of pellagra require rest in bed and excellent nursing 
care Special efforts are needed to ensure cleanliness and to prevent the 
development of bed sores and of contractures Bland ointments and 
protective dressings are useful when the sLm lesions are sev ere "nie skin 
should not he exposed to direct sunlight until convalescence has become 
V. ell established 

Diet — ^The diet of the pellagrin should be of high caloric value (3000 to 
4000 calorics) and rich in ail of the accessory food factors In particular, 
the constituents of the vitamin B complex as a whole should be suppled 
in abundance To treat a case of pellagra with a single active constitui-nt 
of the vitamin B complex is to invite the development of manifest defi 
ciency of other components of the complex 

Fresh milk, buttermilk eggs lean meals liver and kidnev are among 
the common foods which ate particularly beneficial to pellagrins To these 
foods should be added broths fruit juices and fresh green vegetables 
)Vhen the digestion is much disturbed the patient may be uble to take 
only liquids and soft solids Feedings should then be admiastered at 
frequent intervals Routine diets are to be avoided m severe cases of 
pellagra 

I easf — Brewers yeast has been used extensively m the treatment of 
pellagra as a source of vitamins Prompt and pronounced bencht follow 
mg Its use has been reported b> numerous observers It appears how 
ever that the various preparations available differ much in potency, and 
that no very satisfactory method of «tandardj?jng them has set been 
devised (Rhoads Z939) 

Brewers y east is ordinarily pescribed in tlie form of a dry powder 
The use of autoclaved yeast which is lacking m vitamin B r probably 
should be limited to experimental purposes Formerly the usual dose of 
powdered yeast was 15 to 30 Gm daily or about 3 to 6 level teaspoonfuls 
in divided doses Doses of 75 to loo Gm daily are now being recom 
mended No deleterious effects aside from diarrhoea in some cases have 
been reported from such dosage of pure, dried yeast Jloist yeast cakes 
are not ordinarily used and compressed tablets ate out of the question 
beiause adequate do age can scarcely be given in this form Powdered 
yeast can be stirred up with milk eggnog tomato juice or warm water and 
salt or it can be eaten with cereals The dailv dose should be divided into 
portions to be administered at intervals o! a few hours 

^tcolmtc acii is a pure crystalline substance which can be made 
STOtbetically It ts present in considerable amounts in the foods which 
have proved beneficial for the prevention and treatment of pellagra and 
IS a constituent of the beat stabile portion of the vitamin B complex 
Neither the maxiinal nor the minimal dosage of mcotimc acid has yet been 
determined The optimum dosage vartes greatly m individual cases 
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contrast to the fier> red color of the tongue of the pellagnn they said that 
the tongue of riboflav m deficiency has a puiphsh red or magenta hue It 
IS dean and the papillae are fattened The ocular signs and symptoms 
indude \ascularization of the cornea keratitis resembling that seen in 
syphilis itching or burmng sensations of the hds more or less photophobia 
and dimness of vision or partial blindness m poor light These authors 
claimed that the lesions did not yield to vitamins \ or C thiamm or nico 
time acid but that they were cured with riboflavin In some cases they 
recurred after riboflavin had been withdrawn On the other hand several 
authors have reported cure by means of nicotimc acid (Stannus 1940) of 
some of the lesions which have been ascribed to riboflavin deficiency 
Further u ork may justify the separation of climcal pellagra into mcotinic 
acid deficiency anhoflavinosis and perhaps other syndromes 

In a paper describing the ocular mamfestations of anboflavinosis 
Sydenstneker Sebrell and others (1940) said that these lesions develop 
early and that anhoflavinosis ispossibly the most prevalent apparently 
uncomplicated avitaminosis Elsewhere Sydenstneker (1940 b) stated 
that recogmtion of supecSaal vasculanaing keratitis depends upon 
exammaUon with the sUl lamp 

Dose — Sy nthetic riboflavin has been used by mouth subcutaneously 
and intravenously No toxic effects have been reported Neither the 
minimal effective dosage for tberapeusis nor the maTimal dosage have 
been determined 

A daily dose of 5 mg by mouth has been used with success by Spies 
\ilterand Ashe (1939) and Jolhffeetal (1939) have given 10 mg daily by 
mouth Sydenstneker et al (1939) have used with benefit single doses of 
10 mg and of 50 mg subcutaneously and of 10 mg intravenously dis 
solved in soo cc of physiologic salt solution In a subsequent paper 
Sydenstneker (1940 a) considered 3 mg to be the minimal dose by mouth 
and said that as much as 15 mg might be required for rapid improv ement 
For specific effect it is necessary to use the pure synthetic vitamin because 
It is difficult otherwise to secure adequate intake He did not consider 
that suitable preparations for injection are yet available and he pointed 
out that all preparations of riboflavin detenorate on exposure to light 
Vitamin B 6 is another of the water soluble heat stabile components of 
the vitamin B complex which have been synthesized It is a derivative 
of the mtrogenous base pyridine which is also the fundamental ring struc 
ture in nicotinic acid (Editorial Jour Amcr Med Assoc 1939) 
Vitamin B 6 prevents dermatitis in rats and anaemia m dogs (Bessey 
P 1037) ^eryrecenUv the view has been advanced that B 6 is impor 
tantalsofoT the nutrition of man Spies Bean and Ashe (1939 b) reported 
persistance of muscular weakness nervousness insomma and abdominal 
pain in four cases of vitamin defiaency Their patients had been kept on 
a deficient diet but had been successfully treated specifically for the other 
symptoms of pellagra and of benben The authors said that within 
four hours after the administration of 50 mg of pure synthetic vitamin 
B 6 in sterile physiologic solution of sodium chloride all patients expe 
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emphasize the importance of a -ftcll balanced, high iitamin diet for the 
treatment of pellagrins They radicate, too, that substances other than 
nicotinic acid are JacJong la peUap'a 

According to Spies, Bean and Stone (xp 8) the adrcirustratioi o! 
preparations of nicotinic acid to pellapins causes pronounced improve 
ment in most of the symptoms within 7 hours The patient very soon 
etperiences a sense of well being the lesions of the mucous membranes fade 
and show other -igns of healing tbeappctiteimproves the digestive srrop- 
toms and diarrhoea decrease the mental abnormalities abate and for 
phynnuna diminishes or disappears The sbn lesions fade rapidly but 
the severer forms of dermatitis do not heal Pcnpheral neuropathy is 
not relieved, but it yields to vitamin B x The lesions which have been 
attributed to nboflavm deficiency may yield to riboflavin after failure 
with nicotinic acid 

Cobb (1Q39) has emphasired ihevalue of nicotinic acid not only for the 
psychoses of pellagra hut also for those associated with acute or chrome 
alcoholism with arlcnoscletosis or with other signs suggesting senility 

Rihjiintn Laciojlann, Vtlamut B i or G is one of the heat stabile 
components of the vitamin B complet Ravin is found m rnanv plants 
and, m some of them u has been shown to be identical to nboflavm In 
crystalline form riboflavin is orange yellow m color slightly oluble in 
water and soluble in alcohol It is resistant to mineral acids but sen itive 
to alkali When dissolved m water nboflavm IS fluorescent Kihoflavm 
perforins some functions related to “the oxidation processes of the ceils’ 
(Hogan 1939) Other possible physiological functions of riboflavin reawm 
indoubt. In certain animals and probably in man nboflavm (fia'J”) 
18 stored in the liver, kidneys and heart Rats on a diet inadequate in 
nboflavm die from deficiency of this substance even though considerable 
amounts soli remain m the organs Riboflavin is etcreted in the urine of 
man however, even when the intake is deficient (Emmene tpvfi and 
1937) Piboflavin IS excreted also in human milk \nd in the milk of cows 
The amounts so excreted are inlueticed by the nboflavm content of the 
diet 

ThelesionswhichbavebccnaUnbutedtonboflaviadeficiency (p 1036I 
by Sebrell and Butler 1,1939) and by Spic Bean and A«be (1939 a) are 
seen especiallv vn cases of the type which has been called pellagra sine 
pellagra” Some of them have been designated by the term ' angular 
stomatitis They are characterized by maceration of the skin or by 
vertical fissures at the angles of the mouth Reddimng maceration 
denudation or transv erse cracking of tbe lips is called cheilitis or che!lo«is 
In some cases also seborrheic arcumulatioDS occur on the nostrils around 
the nose and less often on the dun, on otiier parts of tbe face, or else 
where on tbe body The sebaceous glands appear to be plugged viith 
a dry borny substance which projects from their onfices The neighbor 
mg skm may be darkly discolored 

Kruse et al (1940) have induded in the picture of nboflavm deficiency 
a peculiar type of glossitis and certam ocular signs and symptoms In 
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contrast to the fierj red color of the tongue of the pellagrin thej said that 
the tongue of riboflavin deficiency has a purplish red or magenta hue It 
IS clean and the papillae are flattened The ocular signs andsjmptoms 
include vasculanzation of the cornea keratitis resembling that seen m 
syphilis itching or burning sensations of the lids more or less photophobia 
and dimness of wsion 01 partiai blindness in poor light These authors 
claimed that the lesions did not yield to vitamins A or C thiamin or nico 
time acid but that they were cured with nboflavin In some cases they 
recurred after riboflavin had been withdrawn On the other hand several 
authors have reported cure by means of nicotinic aad (Stannus 1940) of 
some of the lesions which have been ascribed to riboflavin defiaency 
Further work may justify the separation of dinical pellagra into nicotinic 
acid deficiency ariboflavinosis and perhaps other syndromes 

In a paper describing the ocular manifestations of ariboflavinosis 
Sydenstneker Sebrell and others (1940) said that these lesions develop 
early and that ariboflavinosis is possibly the most prevalent apparently 
uncomplicated avitaminosis Elsewhere Sydenstneker (1940 b) stated 
that recognition of superficial vascularizing keratitis depends upon 
ejamination with the slit lamp 

Dose — S>nthetic riboflavin has been used by mouth subcutaneously 
and intravenously No toxic effects have been reported Neither the 
minimal effective dosage for tberapeusis nor the maximal dosage have 
been determined 

A daily dose of 5 mg by mouth has been used with success by Spies 
\ilterand Ashe (1939) and Jolhffeetal (1939) have given lomg daily by 
mouth Sydenstneker et al (1939) have used with benefit single doses of 
to mg and of 50 mg subcutaneously and of 10 mg intravenously dis 
solved in 200 cc of physiologic salt solution In a subsequent paper 
Sydenstneker (1940 a) considered 3 mg to be the minimal dose by mouth 
and said that as much as 15 mg might be required for rapid improv ement 
For specific effect it is necessary to use the pure synthetic v itamm because 
It is difficult olhecwise to secure adequate intake He did not consider 
that suitable preparations for mjection are yet available and he pointed 
out that all preparations of riboflavin detenorate on exposure to light 

\ Itamm B 6 is another of the water soluble heat stabile components of 
the vitamin B complex which have been synthesized It is a derivative 
of the nitrogenous base pyndine which is also the fundamental ring struc 
ture in nicotinic acid (Editorial Jour Amer Med Assoc 1939) 
\ itamm B 6 prevents dermatitis in rats and anaemia in dogs (Bessey 
P i®37) ^ ery recently the view has been advanced that B 6 is impor 

tant also for the nutrition of man Spies Beanand Ashe (1939 b) reported 
persistance of muscular weakness nervousness msomma and abdominal 
pain in four cases of vitamin defiaency Their patients had been kept on 
a deficient diet but had been successfully treat^ specifically for the other 
symptoms of pellagra and of benberi The authors said that within 
four hours after the administration of 50 mg of pure synthetic vitamin 
B 6 m sterile physiologic solution of sodium chlonde all patients expe 
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nenced dramatic relief of these symptoms and increased strength ’ The 
drug was injected, ’ but whether intravenously or otherwise was not 
stated 

Pantoihtmc Acid — An article by Spies Stanber> and others 11940) 
concludes w ith the statement that theic obser\ ations indicate that panto 
theruc acid is essential to human nutrition and that its function is probably 
associated with that of rihoOaMn 
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Fans P J Helmer 0 M Lepkovskv S and Tukes T H Treatment cl Human 
Pellagra with NicoUnie Acid Prae Sot Exper Btol Sr \ttd 37 403 November 

1937 

Held H Jr & Robinson \V D The Absence of Reactions following Therapeutic 

Doses of Nicotonic Acid Amide Amer Jl Mtd Setenets 199 >75 194^ 

Hogan A. G Riboflavin Ihysiology and Pathology The Vitamins Amtr 
Sfed Anoe >71 1939 

Journal of the American Medical AfsoctaUoa Editoml Vitamin B 6 Jl A u A 
XI3 683 1939 

JolUffe N Teia H D & Rosenblum L A Riboflavin Deficiency in 'Man v * 
Jl Mtd 331 921 1939 

Kruse H D Sydenstneker \ P Sebiell \\ H &. Cleckley H M Ocular M ni 
festatioas of Anboflavinosis U S Pab Iftallk Kept 55 157 i940 
Langworthy O R Lesions of the Central Nervous System characteristic of Pellast* 

Brain 54 39» «93* 

Lynch I hi Structural Changes in Pellagra Jl Ve Carafina 1/ed Irsffc a® 

Machella Thomas Studies of Ihe B Vitamins in the Human 'Subject III Tftc 
Response of Cheilosis to Vitamin Therapy Amer Jl tied iSci 303 ti4 *9^* 
Mainzer F Pellagra Hypersen itivity to Insulin in Patients nith Pellagra Acta 
Ifrdico 5ro«dina*'ro Stockholm loo *08 Abstr in /f A A 113 9®“ 

Mainzet^ F & Krause M The Electrocardiogram in Pellagra British Heart Jonraal 

MeiklejohnV P i. Kark R Pigment Excretion in Pelbgra N C Jl ^fed 


Mmdus E^^Reseatch on PeUagra Jl A it i X13 16,4 i939 
Rhoads C P Conferences on Therapy Vitamins Vitamin B 2 Therapy 
AHA II3 >97 1939 
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Ruffin J M & Smith D T The Treatment of Pellagra nith Certain Preparations of 
Liver Am Jl Med Seienu) 187 934 

Evidence of the Existence of Two Factors Necessary for the Successful Treatment of 
Pellagra Abstr Jaur Cltn Inttibg 16 663 1937 
Sebrell W H \itamins in Relation to the Prevention and Treatment of Pell gra 
Jl A if A no 166s 1938 

Sefrell U H & Butler R E Riboflavin Deficiency >n Man (Anboflavinosis) L S 
Pub Health Rept 54 aui 1939 

Smith D T Ruf 5 n J M and Smith S O Pellagra Successfully Treated w th Nico 
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Smith J H The Influence of Solar Rays on hletabolism with Special Reference to 
Sulphur and to Pellagra m Southern United States Arch Int Vtd 48 Part II 
907 1931 

Spits T D Bean Vf B ft Slone R E The Treatment of Subdinical and Classic 
Pellagra Jl A it A in 584 1938 

Spies T D Cooper C 81. Btanhenhom M A The Use of Kicotmic Acid m the Treat 
ment of Pellagra Jl A U A no 622 1938 
‘^pies T D Bean W B 8tAshe A\ F Recent Advancesin the Tre tment of Pellagra 
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\ Rote on the Use of \itaiiiin B fiin Human Rutriuon Jl A it A m June 10 
9}9 
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m Human Beings Diagnosis and Treatment Jl A if A 113 931 1939 
Spies T D Stanbery S R Williams R J Jukes T H 8: Babcock S H Panto 
theme Acid m Human Nutnuon Jl A it A si; st8 >940 
Stannus H S Pellagra and Pellagra Like Conditions m Warm Cbmates T op D t 
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P llagra Lancet 1 332 940 

Sullivan M \ Stanton R E & Dawson P R Met holism in Pellagra \ Study of 
theUnne Arehnes Inlernal ited 27 3S7 tpj* 

Sydenstiicker \ P A mstrong E S DerrKk C J & Remp P S On the Ext tenee 
of so Intrinsic Deficiency IB Pellagra An Jl Ved Science July t 1936 
Sydensitieker % P ^chmidt H L Ji Ceesbn L E 8.\\eavtt J W TheLivenn 
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Sydenstreker V P Geeslic L E Templeton C M &Wea et J W Riboflavin 
Deficiency m Human Subjects J! AHA ity 1697 >939 
Sydenstiicker \ P Sebrell W H Cleckley H M &Kius H D The Ocular Maoi 
festatioos of Aiiboflavinosis A P ogress Note J! A it A 124 2437 940 

Sjd strick \ P The Clinical Manifestat ons of Nicol e \cid a d Riboflav n 
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The S) d oine of Multiple \itamtn Defic ency Ibi 15 4) 94 

Turner R H The Pathologic Physiology of Pellagra I Tabulated Clinical and 
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Chapter XXJtV 
SCURVY 

Synoayms — Scorbutus Barlow s Disease (m infants) 

DeSiution — Scurvj is a disease of the tissues caused by deficiency of 
vitamin C 

Geographical Distribution — In the Tropics scurvj is seldom seen 
except m laborers who have been removed from their usual eovironment 
and fed on diets consisting larg^l} of cereals and canned foods It has 
been common in the arctic regions except among EsXimos who 1 \e on 
their traditional dietary Sporadic ca es mav be found in almost anv 
part of the world 

Incidence —Neither sex and no age group is erempt In the past 
scuri) has been common m labor camps in the Ttopirs on expeditions to 
the Arctic, and on sailing ships which remained at sea for long periods of 
time Outbreaks of scurvy have repeatedly followed failure of crops 
In the United States today and probably in other parts of the teiape ate 
zone scurvy in adults occurs particularly among lU nounsbed individuals 
nho five alone and who prepare most of their own meat tinder these 
conditions the diet is Iikelv to be deficient in fresh fruits and vegetaWes 
Sporadic cases are to be expected in bottle fed infants who have not been 
giv en fruit juices Diffusion ol knowledge about the cause and prevention 
of scurvy , hay greatly reduced the incidence of this disease 

ETIOtOt-Y 

Scurvy is caused by deficient ingestion of foods which are rich in vita 
mm C or by defective absorption of the Mtamin from the intestine It 
seems possible that advanced h>er disease mav interfere with the utiliza 
tion of vitamin C and thus favor the development of scurvy The ordi 
nary dietaries of nativ es of the Tropics and of the Arctic are adequa'e to 
protect atamst scurvy ViUmm C is readily destroyed by oxidation 
When protected against oxidation it can withstand a good deal of heat 
Lightly broiled or toasted meat may retam much of this vit4min but bod 
mg IS likely to destroy a large proportion of it Paw fruits and vege 
tables particularly when fresh ate nch in Mtaroin C Stefans ons 
observations among the Fskimos prove that meat and fish eaten raw 
even when putrid will prevent scurvy and that boded meat has little 
protective power He was radincd to believe that common salt when 
added to food favors the development of scurvy The evidence m 
support of this hypothesis to scanty However meat which has been 
preserved by means of salt doc^rmtpto^fvgamst scurvy The amount 
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of vitamin C retained in canned or preserved food depends on the method 
of preservation Some of the canned foods are said to retain nearl> if 
not all the vitamin C originaU> present in the food 

Physiology — HcTuronic acid isolated some years ago has since been 
found to be identical with vitamin C Since then it has been called cevi 
tamic acid or ascorbic acid and it has been synthesised Ascorbic acid 
forms colorless crystals which are soluble in water and m various alcohols 
It can be isolated only when protected from oxidation which destroys it 

As Wolbach (1937} has shown the functions of vitamin C are closely 
related to maintenance of the integrity of the intercellular substance to 
the formation of the hones and of the teeth and to the maintenance of 
cartilage and of fibrous tissue m a healthy condition This vitamin seems 
also to play an important role m the growth of animals and of plants 
The anaemia which may develop m scurvy seems to be caused by dysfunc 
tion of the blood forming tissues 

Man the other primates and guinea pigs cannot synthesize ascorbic 
acid (King 1939) but at least some of the other animals can do so This 
vitamin is found in high degrees of concentration in the glandular organs 
and in rapidly growing tissues Human milk contains four times as much 
vitamin C as does cows milk The quantity in human milk varies 
markedly with the diet of the mother A diet inadequate in vitamin C 
causes marked reduction of this vitamin m the blood plasma and in the 
amount excreted m the urine Probably a daily excretion m the urine 
of 13 mg of ascorbic acid 1$ close to the lower limit of normal and an 
output of about 40 mg indicates that the patient is saturated with vita 
tmn C (Sybil L Smith 1939) The work of various investigators 
indicates that the content of reduced ascorbic acid in the fasting blood 
plasma of normal individuals ranges from a minimum of about o 6 mg 
to a maximum of from i 5 to 2 mg or mote per 100 cubic centimeters 
(S L Smith 1939) Friedman et al (1940) who studied the clearance 
of vitamin C at plasma levels varying from 003 to 2 05 mg percent said 
that their results suggest that the clearance of vitamin C at the low plasma 
levels is constant 

The need for vitamin C is intimately dependent on the rates of growth 
and of metabolism Thus the infant requires correspondingly larger 
amounts of the vitamin than does the adult and increased amounts are 
called for m the presence of fever infection or hyperthyroidism 

Patuology 

The fundamental pathology of scurvy m man can be reproduced in 
monkeys or in guinea pigs The specific lesions have been repeatedly 
described by Wolbach and his associates The lesions are charactenzed 
by failure of the tissues to produce and to maintain the intercellular sub 
stances These substances are the collagen of all fibrous tissue struc 
lures the matrices of bone dentm and cartilage and all nonepithelial 
cement substance including that of the vascular endothelium (Wol 
bach 1937) 
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Haemorrhages, large or small, may occur externally or internally In 
adults, petechiaes hemorrhages m the hair follicles of the lower legs large 
ecchymotic patches on the thighs or trunk and hematomata m the muscles 
of the legs are common Subperiosteal haemorrhages and extravasation 
of blood around the joints are more frequent in young children Sec 
ondary pyogenic infections are common externally, and infected hema 
tomata may form large abscesses 

Darling Wolbach and others have described hypertrophy and dilata 
lion of the heart as features of scurvy m man or in animals Weiss and 
Wilkins (1937) have expressed the view, however that these cardiac 
changes m man are to be attnbuted to coincident deficiency of vitamin 
B I rather than to lack of vitamin C According to Wolbach calcium 
metabolism is not primarily disturbed but calcium is deposited in a 
characteristic manner at the epidiaphyseal junctions and in cartilage of 
joints In advanced scurvy the absorption of calcium from the bones 
leads to osteoporosis Through resorption of the alveolar processes of 
the teeth and weakening of supporting structures the teeth become loose 
In growing teeth, the formation of dentin ceases Swelling of the gums 
and haemorrhages from them are common 

In advanced cases, anaemu may become pronounced Oedema of 
the ankles is usually present It may involve the face or even become 
generalized Effusion into serous cavities and particularly into the pen 
cardium are common 


Symptouatolocy 

The clinical picture of scurvy has been described in detail by He** 
(igjo) The earliest recognizable symptoms are increasing weakness 
lethargy irritability and dizziness The appetite is lost and an inordinate 
craving for salt may develop In more advanced cases petechial haemor 
rhages appear around the hair follicles on the lower legs or large ecchy 
motic patches may be seen on the thighs or on other parts of the body 
Swellings which may reach considerable size are caused by extravasation 
of blood into the larger muscles Over these swellings there are patches 
of oedema The affected muscles ache they are acutely sensitiv e to pres 
sure and use of the limbs increases the pam Lcsionsof the eye the brain 
or the cord may result from haemorrhage into these structures Recent 
studies by Alexander and Futnim (1937) of Wernicke s paralysis point to 
deficiency <?/ vitamin B i as the causeof the minute haemorrhagic cranial 
lesions which characterize this disease 

Oedema of the ankles or of the lower legs is usually present The 
face may become bloated and eilusion into the pericardium or other serous 
cavities may develop 

External pyogenic infections sudi as hordeolum or boils arc common 
and ulcers may develop on the legs I-argc abscesses may result from 
infection of haematomata The edges of the gums, except in edentulous 
persons are denuded and reddened Later the gums become swollen 
bluish and ‘ spongy Fungating projections from the ulcerated surfaces 



partly cover the teeth Secondary infection gives the appearance of 
advanced p>orrhea the breath becomes foul and the teeth become loose 
m their sockets Loss of blood from epistaxts haematuria haematemesis 
or even from the tooth sockets may be considerable Capillary oozing 
may be uncontrollable The white count may fall gradually but the 
differential count iS little changed 

UsuaUy there is anaemia It may be caused by reduced activity of 
the blood forming organs or b> loss of blood Anaemia occurs less often 
m children than in adults In the latter it may be extreme The 
complexion becomes sallow and muddy in appearance through increased 
pigmentation of the skin The tongue swells and the salivar> and the 
lymphatic glands increase m sue 

Djspnoea on exertion c>anosisof thelips tach>cardia and pulmonary 
congestion may develop Slight exertion is often followed b> sudden 
cardiac death even when the patient appeared comfortable while at rest 
One may suspect that these cardiac symptoms are due to coincident defi 
ciency of vitamin B i rather than to lack of \itamm C (p 1041) 

In young children ecchymoses petechul haemorrhages and haema 
tomata in the muscles are seldom seen but haemorrhages about the joints 
and under the periosteum of the long bones are usually demonstrable 
Swelling in the epiphyseal region at the wrist and nodular enlargements 
at the costochondral junctions which resemble the rachitic rosary are 
to be expected In advanced cases separation of the epiphysis may occur 
The skin becomes dry and rough in scurvy W hen the hand is passed 
lightly over the legs of the patient the papillary keratosis around the 
hair follicles i» easily felt Scurvy may account for delayed healing of 
a wound for the breaking down of an ulcer or for failure of a fracture to 
unite or may even be the cause of a fracture 

Vitamin C defiaency when it develops naturally m man is often 
associated with more or less deficiency of various other essential food 
factors Ship beriberi and Rand scurvy are combined deficiency diseases 
which show the symptoms of scurvy and of beriberi Night blindness 
formerly regarded as an occasional symptom of scurvy is known now to 
be caused as a rule by deficiency of vitaimn A The keratosis seen in 
scurvy is not readily distinguishable from that of vitamin A deficiency 

Diagnosis 

In well marked cases of scurvy diagnosis is easy Nevertheless 
this disease has often been overlooked through failure to consider it as 
among the possibilities Thrombocytopemc purpura leukaemia and 
mercurial poisoning may produce lesions of the gums suggestiv e of scurvy 
It should be possible to diagnose these conditions by positive evidence 
On the other hand lead is said to combine so freely with ascorbic acid 
in the body that excess of lead may mduce scurvy unless a large amount of 
the acid is taken la cases of pyorrhoea alveolans or of trench mouth 
the dietary history should be carefully investigated and if scurvy seems 
a possible diagnosis appropnatc treatment should be instituted 
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The response to treatment ^Mth titamm C, m cases of scuny is so 
rapid as to be of great diagnostic \alue in doubtful cas^s Low levels of 
urinary excretion and of blood plasma \atues for \ itamin C seem to indi 
cate deficiency of vitamin C These findings occur frequenti)) honever, 
without other demonstrable evidence of scurvy and are of limited diag 
nostic significance Capillary tesrialance tests are usually positive in 
scun j and they may be positive in the prcscorbutic stage of vitamin C 
deficiency They have Lmr reported as positive also in a notable pro 
portion of apparently healthy and well nourished children whose diets 
were believed to be adequate in vitamin C For this reason and becau e 
increased capillary fragility occurs »n a number of conditions aside from 
scurvy the diagnostic v^ue ol the capittarv resistance test is small 
(Cjreene 

Anaemia may be so pronounced as to mislead the clinician who is not 
familiar with this manifestation of scurvy Erroneous diagno es of 
rheumatic pain myositis or neurasthenia may be made in the earlier 
stages of scurvy 

In children, roentgenologic exanunation of growing bones reveals 
characteristic lesions at the junction of the shaft and the epiphysis and 
often subperiosteal haemorrhages as well Characteristic lesions at the 
costochotidtal junctions may be found in adults or m children 

A test of the blood plasma concentration of ascorbic acid ut a given 
time or of the twenty four hour excretion of this substance m the urine 
IS of limited value for diagnosis Saturation te ts for w htch large amounts 
of ascorbic acid are adnunistered and the excretion in the urme deter 
ituncd quantitatively for a defiiute period, are roore significant No 
standard method has yet received general acceptance The methods 
used were discussed by Sybil L Smith (*939) and some of them were 
tested bv Crandon, Lund and Dill (1940) 

ProgftcstT IS excellent in uncompbeated cases provided that treatment 
be begun in time and that the patient be kept at rest until convalescence 
IS well established In untreated cases death results from exhaustion 
Cardiac failure or intercurrent infection In young children broncho 
pneumonia is apt to be the immediate cause of death 

PXOPttVLAXJS 

The mam points m the prevention of curvy follow directly upon wbat 
IS known of etiology and treatment Ivuther the optimal nor the mmimal 
daily requirement of vitamin C has been determined with certainty As 
a result of tbeir experiments on three adult males, Ralh and associates 
(1930) have stated that a blood pla-mia concentration of i o mgm per 
cent can only be obtained and maintained on a daily intake of at lea t 
loo mg of vitamin C They suggested that this be considered the opti 
mum intake . 

Svbil L Smith (1938) said that The estimated requirements lor 
various age groups as reviewed he wjthin the following bmits of absolute 
values Infants from about 8 mg (newly bom) to 50 mg daily children 
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from 22 to 100 rng or more adults from 28 to 100 mg or more With 
due allowance for unlike methods followed in their determination these 
values may be considered to represent roughlj the range from the phjsi 
ologically indispensable minimum to saturation or lu^us consumption 
\ alues of about 20 mg dailj for infants 40 mg for children and from 50 to 
60 mg for adults maj be considered as tentative estimates for the middle 
or barely adequate consumption level with, but little margin of safety or 
allowance for individual vanations m requirement 

Growth pregnancy lactation and other conditions which elevate the 
metabolic rate increase the requirement of the body for vitamin C 
According to Chandler (1939) recent estimates of the vitamin C require 
ment for a pregnant woman run from 75 to 125 mgm and for a nursing 
woman from 100 to 150 mgm per day 

There are indications that the requirement for vitamin C is increased 
b) diarrhoea in tuberculosis mcertamcasesofbver disease after surgical 
operations and by the ingestion of excessive amounts of lead Ascorbic 
acid combines readily with lead so that painters tend tc develop scurvj 
On the other hand by laktnglaTgeamouTilsofMtaTmn C they can tosome 
extent protect themselves from lead poisoning (Chandler 1939) 

Treatment 

As a rule all the symptoms of scurvy respond promptly to adequate 
dietary treatment Much relief is to be expected within from two days to 
a week Therefore it is seldom necessary to administer vitamin C in 
pure form The diet should supply not less than 300 mg of ascorbic acid 
an amount which is contained in a pmt of fresh orange ;uice 

Little positive information is available about the absorption and 
storage of vitamin C Itisbebeved however that absorption takes place 
chiefly m the small intestine and there is evidence indicating that absorp 
Uon is occasionally defective Therefore should a patient fail to respond 
to the usual dietary treatment it may be necessary greatly to increase the 
vitamin C content of the diet or to ^minister with it a pure preparation 
of ascorbic acid in considerable amounts 

Ascorbic acid can be administered in tablet form by mouth intra 
rauscularly or intravenously Ascorbic aad should be administered by 
one of these methods when adequate amounts of vitamin C cannot be 
ingested in the form of food 

According to New and Nonofflaal Remedies (1939) 10 mg of 
pure ascorbic acid daily is a protective dose for an infant The thera 
peutic dose is 30 to 50 mg daily but the requirement m certain cases 
may be considerably higher Sodium ascorbate is recommended for 
parenteral injection in concentrated form when vomiting diarrhea or 
other conditions prevent utilization of the vitamin by mouth in adequate 
amounts (New and Nonoflicial Remedies 1939) 

Repeated doses of as much as 1 to 6 Cm of crystalline vitamin C have 
been administered orally or intravenously to adults without producing 
toxic effects (Abt and Farmer 1939) 
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SOTOCfS OF VtTAlHN C 

General information about the occurrence of vitamin C in food has 
been gi\cn already (p J074) TheshortlistwhichfoUonsshowstheusual 
\ itamin C content of a few common foods 

Approximate Ascorbic Acid Vaiiies ik Mii-ugraus per Olvce or Food A^o pr« 
Pa.T or Jilt*:* 


Mg 

Citrus fruit juic* i8 to jo 

Tomatoes or tomato juice 8 to 10 

Greens properb cooked 5 to ifl 

Raw green peppers jo 

Fresh raw vegetables 5 to 10 

Cooked fresh or canned vegetables j to s 

Potatoes properly cooked 3 to s 

Pineapple and strawberries fresh S 

Pineapple canned of juice J 

Apples and most other fruits 0 S to 3 $ 

Pasteurised milk per pint 3 to 6 


Among the richest food sources of \itamin C arc oranges Unions 
grape fruit (raw or canned) tomatoes (raw or canned) green peppers 
raw cabbage and other green, leafv vegetables Dry cereals and legumes 
are devoid of vitamin C, but almost any kind of seed if kept moist untu 
It sprouts Vi ill become an effective antiscorbutic The vitanun C content 
of fruits increases as they approach maturity but pears and green corn 
show a higher content of this vitamin during the tender stage Certain 
varieties of the same Lind of fruits and vegetables are richer in vitamin C 
than are other varieties 

According to Abt and Farmer (1939) canned tomato juice and the 
canned juices of citrus fruits are nch in vitamin C 

Storage and Preservation — ^Time and warm temperatures have 
deleterious effects on vitamin C Wilted spinach for evampU has lost 
about half of its vitamin values Potatoes and other root crops lose the 


vitamin but slowly under usual conditions 

Although quick freezing is believed to have little effect on the vitarnm 
C value of fruits and vegetables shelling washing and blanching are said 
to reduce it materially and traces of copper salts which are used for spra> 
ing fruit and vegetables will quickly destroy the vitamin 

Drying fer se does not destroy vitamin C but ondation usually does 
so during the process of drying Dehydrates foods are usually devoid 01 
vitanun C for the same reason Pickling halting curing or fermenting 
usually eliminates vitanun C 

Cooking and Canning — Contact with copper vessels access of air 
prolonged heating and alkalinity are to be avoided in cooking or canning 
An acid medium tends to conserve vitamin C 


I ,la>nm »» ffuman Nulrihim A C Chandler The Rtce InsUMi RampkU' 


vol j6 1939 



SCURVY 


loSi 


V\ hen crushed or shredded in the raw state vegetables such as spinach 
cabbage or turnips lose much of their vitamin C through liberation of 
enzymes It is well to start the cooking of vegetables in hot water because 
these enzymes are then quickly destroyed The addition of soda to the 
tooking water tends to destroy vitamili C 
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Chapter X\XVI 
ACUTE EFFECTS OF HEAT 

OENEBAt IhtORMATJO'J 

Classification —Acute eOects of beat in man are manifested bj- reac 
tions \\hi<*h maj be mild or severe An> classification of the clinical tj'pes 
of response to heat is necessarily arbitrary because of the existence of 
numerous botcjetiine cases Three principal categories of cases, based 
upon outstanding symptoms and differing in their mechanism of produc 
tion are commonly recognired namely heateyhita on msvhichprostrs 
tion IS associated with a body temperature which is subnormal normal 
or but litile ejesatcd heat puexta, in which the temperature is con 
siderably Of extremely elevated and heal crumbs m which cramps ir the 
muscles dominate the picture 

Because nomenclature is chaotic and criteria for diagnosis differ a"!! 
because cases of borderline character are numerous reliable data on 
the relative frequency of the various clinical types of response are rot 
available 

Physiological Responses to Heat — In general, exposure to heat causes 
increase in the rate of the pulse and of the respiration and a consequent 
diromulion of ability to perform muscular work Sneating is usoalb 
profuse but cessation of sweating may precede the onset of high feser 
The cause of this cessation has not jet been determined Some authors 
belieie and others deny that dehydration of the body or marked dfple 
tion of sodium chloride m the blood are causative It is generah} con 
ceded, however, that adequate xngesuoa of fluid favors sweating and it 
has been demonstrated that heat cramps can be pre\ented or cured by 
administration of ample quant)lr» of ^lum chloride The sodium and 
the chloride m the blood can become depleted as a result of prolonged and 
profuse sweating repeated vojnibng or persistent diarrhoea Dehjdra 
tion can result from the same causes or from inadequate ingestion of 
water The carbon dioxidecombuungpowerof the blood aiaj bereduced 
by exposure to heat There is pronounced disagteemenl among observers 
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as to the occurrence of many of the other metabolic disturbances which 
have been reported in cases of heat pyrena 

ZTea^ /oir i» occurs through conduction convection radiation or 
vaporization at atmospheric temperatures below that of the body At 
higher atmospheric temperatures vaporization of sweat becomes the 
chief means of dissipating excess of heat Air movement over the skin 
favors dissipation of heat but high atmosphenc humidity interferes with 
heat loss by vaporization 

Adaptation or Acchmatizahoo — Constant or frequently repeated 
exposure to heat brings about increase in the power to sweat and a reduced 
excretion of sodium chloride m the sweat These changes can develop 
within a period of two weeks or less They may disappear in an even 
shorter time after cessation of the exposure to heat 

Geographical Distribution — According to the experience of Castellani 
and Chalmers (1919) heat pyrexia ( heat stroke ) is the usual form of 
response to excessive heat in the tropics They have called attention to 
the special prevalence of heat pyrexia in certain parts of India including 
the Northwest Provinces and to its comparative scarcity id Ceylon 
Biggam (1943) in the disembarkation of troops in the Red Sea observed 
40 cases among which there were 8 deaths 

Cases of heat pyrexia were very numerous twenty years or more ago m 
the British Army in India and also among the British and French soldiers 
m other colonial possessions m the tropics Regulations since promul 
gated in India have greatly reduced the incidence of these cases French 
statistics examined a fewyearsago (Sbattuckand Hilferty 1936) showed 
that for many years there have been few deaths from heat in the French 
colonial possessions It was found also that deaths attributed to heat 
were notably common in the United States m Australia and m India 
Figures obtained from Central America South America Africa and Asia 
were inadequate as a basis for «ound generalization Naval and manne 
personnel on shipboard in the tropics and stokers particularly are fre 
quently attacked by heat pyrexia or overcome by heat exhaustion 

In the Umted States deaths from the effects of heat were far more 
common in urban than in rural communities They were especially num 
erous in the larger cities of the Northern States where they occurred 
chiefly in July and August dunng heal waves of several davs duration 
Until the means of preventing them became known heat cramps were 
common in the United States and elsewhere among men doing hard 
physical labor while exposed to great heat Cases of heat cramps occur 
occasionally m the tropics and elsewhere in association w ith heat py rexia 
Propii\laxis 

Susceptibility — The power of mdmduals to become acclimatized to 
heat differs In general bodily vigor and adaptabibty of the circulatory 
system reduces susceptibility Persons who have organic disease of the 
heart or kidneys of a character which seriously impairs the function of 
these organs should be advised not to go to the tropics Similar advice 
should be given to persons who have hyperthyroidism or ichthyosis or 
whose power to sweat is defective 
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Individuals who have been living in a temperate environment should 
be especially cautious, at first about exposing themselves to great heat in 
the tropics or elsewhere Important phjsiological adjustments usually 
take place within a period of about two weeks or less after the beginning of 
exposure to unusual heat 

There are indications that natises of the British Isles are more sus 
ceptible to heat than are other races According to Stott (1936)1 Indian 
troops m Mesopotamia very rarely showed acute heat effects In 50 per 
Cent of such cases malaria was considered to be the exciting cause 

Housing — In hot climates buildings should be designed to protect 
against the sun and to provide for good ventilation and free air movement 
A double roof, having a well ventilated air space is useful A tent pitched 
in the sun should always have a fly above it A thatched roof is cool 
but corrugated iron becomes very hot when exposed to the sun and heat 
penetrates it freely Trees and vegetation around a dwelling not only 
provide shade and reduce reflected light but they cool the atmosphere by 
promoting the evaporation of moisture Massive walls absorb heat 
slowly Venetian blinds, awnings, punkas and electric fans arc useful 
adjuncts 

Hours of work should begin early Either they should end at noon or 
work should be discontinued between noon and three or four 0 clock in the 
afternoon Physical ewrtion m particular should be avoided nhenever 
possible during the hotter hours of the day The tempo of work should 
be less than m temperate climates and great fatigue is to be avoided 

Exercise and Rest —Sedentary workers benefit greatly b> regu 
lar exercise taken during the cooler hours of the early morning or late 
afternoon A rest period during the hours of greatest heat is to be 
recommended 

Food and Dnnk — The ordinary rules of hygiene should be more 
scrupulously followed in the tropics than m the temperate zone 

As to diet it may be desirable to restrict starches and sugars which are 
heat producers but proteins may be eaten freely Alcoholic beverages 
are strictly to be avoided until after sundown ^\ate^ and common salt 
should be taken much more freely than 15 necessary in cool weather (See 
Heat Cramps ) 

The Division of Occupational Hygiene of the Department of Labor and 
Industries of The Commonwealth of Massachusetts (Leaflet No iS 4 
July *939) recommended that, with the beginning of hot weather, salt 
should be applied liberally to food at the table and added to dnnks such 
as tomato juice Approximately 2 teaspoonfuls of salt should be taken 
daily m hot weather by workmen and by all persons who perspire freely 
Those doing sedentary work may require only i teaspoonful in addition 
to that contained m the diet Lake precautions might well be taken by 
recent arrivals in the tropics 

Clothing In parts of the tropics where heat is continuous and where 

the fluctuations of temperature are not pronounced the nearly naked 
savage exemplifies the ideal in dothmg Clothing should be of very 
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light porous material which willabsorbperspiration and favor its evapora 
tion b> admitting air Shorts and short sleeved shirts open at the 
neck and worn without a tie are to be recommended for coolness All 
clothing should be loose If worn in the son it should be white or of \ er> 
light color Starched clothing relatively impervious to air and there 
fore does not fulfill the requirements Tlie waistcoat should be taboo 
and It IS well to dispense with the coat when arcumstances permit The 
need for protection against insects or against rapid changes of tempera 
ture which occur in some parts of the tropics may modifj the clothing 
requirements 

Some Europeans ha\e been able without injury to expose their heads 
repeatedly and for hours at a time to the direct rays of a tropical sun 
Nevertheless use of the helmet which shades the eyes and the nape of the 
neck and which by its detached head band permits circulation of air 
around the crown of the head can confidently be recommended as the 
best type of headgear for protection against the sun s rays It is well 
to wear the helmet even %vhen ihe sun is obscured because some of the 
heat rays may have considerable power to penetrate clouds Helmets are 
seldom worn in the islands of the Pacific or in the American tropics but 
umbrellas are often earned in the Philippine Islands The sun is feared 
far less in these localities than in India or in the British and French posses 
sions m Africa and in the Far East The reason for these marked differ 
ences of experience and of custom are by no means clear 

Air conditioning if not carried too far undoubtedly has value for the 
prevention of acute heat effects The best methods of using it for the 
purpose have not yet been definitely established 

Heat Pyrexia 

Synonyms — Thermic Fever Heat Hyperpyrexia Heat Stroke 
Sun Stroke Sun Traumatism Sinasis 

Definition — Heat pyrexia is a condition characterized in severe 
cases by high fever and associated symptoms which have been caused by 
exposure to excessive heat Circulatory collapse and coma may develop 
in the advanced stages 

Incidence — All ages both sexes and all races so far as is known are 
subject to heat pyrexia Men are more frequently attacked than are 
women The highest death rates occur among infants and elderly per 
sons and the lowest among children and young persons WTiere death 
rates of men of working age arc relatively high they are influenced by 
occupational factors Urban death rates arc constantly high as compared 
with those for rural areas 

In the southern United States deaths from heat pyrexia are more 
common among Negroes than among Whites (Shattuck and Hilferty 
1932) This can be attributed to the fact that in the South the Negro 
does most of the heavy manual labor In the large northern aties of the 
United States heat pyrexia is a common cause ol death after a seri« of 
Unusually hot days in July or August 
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Although proof is lacking there are indications that natives of the 
British Isles are more liable to heat pyrexia m the tropics than are mem 
bers of other races of western Europe Recent arrivals in the tropics in 
particular, are subject to this disorder 

EnOLOGY 

When the cooling mechanisms of the body fail to dissipate excess of 
heat which is generated from within or acquired from without, the tem 
perature of the body rises Heat pyrexia commonly develops after pro 
longed exposure to excessive environmental air temperatures Other 
atmospherical conditions which may contribute to its causation are high 
relative humidity and absence of air movement Cessation of perspira 
tion has often been observ ed in advance of an attack of heat pyrexia The 
cause of this phenomenon is by no means clear It is known however 
that ingestion of adequate amounts of water favors perspiration and that 
the power of individuals to perspire freely vanes greatly 

Among important factors which may be operative in the production 
of heat pyrexia are strenuous physical exertion heavy or tight clothing 
which does not allow free access of air to the sLin ill ventilated housing, 
the ingestion of alcohobc beverages the lack of physiological adaptation 
to heat, and debilitating diseases 

It 13 no longer believed that the ultra violet rays of the sun are impor 
tant in the causation of beat pyrexia, but that the longer heat rays, which 
have greater penetrating power, are significant 

Some of the prodromal symptoms such as headache nervous irn 
lability and intolerance of light can undoubtedly be aggravated or even 
induced by exposure of the eyes to brilliant sunlight whether direct or 
reflected 

The mechanism of the circulatory disorders caused by high body tem 
peratures induced by exposure to heat has not been adequately explained 
On the basis of ammal experiments however Derobert (1939) reached 
the conclusion that the essential phenomena of heat stroke are to be 
accounted for by the disintegration of protein He regarded the heat 
stroke syndrome as closely related to anaphylactic and protein shock 
PATHOLOGY 

Body temperature may continue to rise after death Rtgor tnorlts 
sets in early Decomposition proceeds rapidly The blood shows little 
tendency to coagulate and the blood and tissues may show increased 
acidity The organs in general are congested The left ventricle of the 
heart is often firmly contracted but the right ventricle may be dilated 
Engorgement of the lungs is sometimes so marked as to render them almost 
black E E Smith {1928) said there is interstitial pneumomtis Occa 
sionally the mucosa of the stomacb and of the intestines is swollen 
Minute haemorrhages may be found in the skin the internal organs and 
the brain Signs of congestion occur in the vessels of the meninges the 
brain and the medulla Wilson C1940} m addition to petechiae m the 
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central nervous system found in 4 of his cases a fairly extensn e haemor 
rhage of the \ entncular septum in the region of the bundle of Hi» Intra 
cerebral and spinal fluid is apt to be increased m amount Coagulative 
necrosis of ceUs has been observed in some of the cells of the central nervous 
s>stem Cloudy swelling may occur in the myocardium the liver and 
the kidneys Enlargement of the spleen when present appears to be 
attributable to causes other than heat 

SYMPTOilATOLOCY 

Cessation of sweating may occur as much AS4S hours in advance of the 
attack Mild prodromal disorders such as listlessness muscular weak 
ness headache vertigo anorexia pronounced thirst and slight increase 
of body temperature and of pulse rate usually precede the onset of high 
fever but further development of symptoms may not occur 

Among other symptoms which have been observed are suffusion of the 
eyes photophobia chromatopsia irntabihty of the bladder Scantiness 
of the urine may occur Probably it is an indication of dehydration 
Some authors assert that unoe is usually passed in considerable amounts 
Nausea or vomiting precordial distress a sense of impending calamity 
muscular twitching and manifestations simulating hysteria have also 
been recorded There may be a short period of restlessness or of irri 
tabibty and unreasonableness 

A sharp rise of body temperature to 105 F no F or even higher 
supervenes suddenly It may be accompanied by delirium and it is 
followed by cyanosis and somnolence deepening into coma There may 
be more or less muscular ngidity Convulsions or vomiting are common 
concomitant symptoms of grave import A person attacked during the 
night may be found dead m the morning 

Irregularity of the breathing or the Cfaeyne Stokes type of respiration 
are grav e symptoms The pupils are contracted until the terminal stages 
when they become dilated The knee jerks and pupillary reflexes are 
usually diminished or abolished The pulse at first rapid full and 
regular and of increased tension becomes small feeble and irregular 
Cyanosis and clamminess ol the skin appear as late symptoms Death 
has been variously attributed to stopping of the heart and to failure of 
the respiration 

Durmg the attack the urine generally contains albumen and the 
chlorides are markedly reduced The spinal fluid 15 clear but the pressure 
is usually increased Constipation is ttc rule but heat pyrexia may be 
associated with profuse vomiting or with cholera like diarrhoea Heat 
cramps develop in some of these cases through depletion of sodium 
chloride Very profuse sweating may have similar effects 

In cases which recover the temperature falls rapidly diuresis occurs 
the pulse improves and the patient sleeps Resumption of sweating is a 
favorable sign The fever and other symptoms may recur within a few 
hours after successful treatment of the pnmary attack There may even 
be several such relapses 
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Although proof is lacking, there are indications that nati\es of the 
British Isles ate more liable to heat pvceria in the tropics than ate mem 
bets of other races of western Europe Recent arrivals in the tropics m 
particular are subject to this disorder 

ETIOLOGY 

When the cooling mechanisms of the body fail to dissipate excess of 
heat which is generated from withm or acquired from without, the tern 
perature of the body rises Heat pyrexia commonly develops after pro 
longed exposure to excessive environmental air temperatures Other 
atmospherical conditions which may contribute to its cau ation are high 
relative humidity and absence of air movement Cessation of perspira 
tion has often been observed m advance of an attack of heat p> rcxia The 
cause of this phenomenon is by no means clear It is known, however, 
that ingestion of adequate amounts of water favors perspiration and that 
the power of individuals to pcrspuc freely vanes greatly 

Among important factors wfuch may be operative m the production 
of heat pyrexia are strenuous physical exertion heavy or tight clothing 
which does not allow free access of air to the skin ill ventilated housing, 
the ingestion of alcoholic beverages, the lack of physiological adaptation 
to heat and debilitating diseases 

It IS no longer believed that the ultra violet rays of the sun are impor 
tant m the causation of heat pyrexia but that the longer heat rays, which 
have greater penetrating power are significant 

Some of the prodromal symptoms such as headache nervous irri 
tabihty, and intolerance oi light can undoubtedly be aggravated or even 
induced by exposure of the eyes to bnlliant suidight whether direct or 
refected 

The mechanism of the circulatory disorders cau ed by high body tern 
peratures induced by exposure to heat has not been adequately explained 
On the basis of animal experiments however, Derobert (1939) reached 
the conclusion that the essential phenomena of heat stroke are to be 
accounted for by the disintegration of protein He regarded the heat 
stroke syndrome as closely related to anaphylactic and protein shock 
YATHOLOGY 

Body temperature may contmuc to rise after death Rigor inorlti 
sets in early Decomposition proceeds rapidly The blood shows little 
tendency to coagulate and the blood and tissues may show increased 
acidity The organs in general are congested The left ventricle of the 
heart is often firmly contracted but the right ventricle may be dilated 
Engorgement of the lungs is sometimes so marked as to render them almost 
black E E Smith (1928) said there IS interstitial pneumonitis Occa 
sionally, the mucosa of the stomach and of the intestine is swollen 
Minute haemorrhages may be found m the skin the internal organs and 
the brain Signs of congestion occur in the vessels of the meninges the 
brain and the medulla Wlson C1940) m addition to petechiae in the 
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intervals while air ino\ement is maintained by fanning are alternative 
methods of reducing temperature Meanwhile the patient s tempera 
ture should be taken at intervals of every few minutes Rectal readings 
are best except when colonic irrigations are being used False ther 
mometer readings caused by high atmospheric temperatures are to be 
guarded against During treatment the patient s temperature usually 
falls rapidly and it continues to fall for a time after the cooling procedures 
have been discontinued To prevent the temperature from reaching 
subnormal levels the cooling treatment should be stopped promptly 
when the patient s temperature has fallen to 10 or roj F The patient 
should then be wrapped in a light dry blanket 

Lest high fever supervene mild cases should be treated promptly by 
rest in a cool and airy place cool baths and free ingestion of fluid The 
patient s condition should be closely watched until the symptoms have 
abated 

According to Marsh (1930) excellent results in the treatment of heat 
cases have been obtained by the Anglo Persian Oil Company which oper 
ates m South Persia In their hospitals cases of heat pyrexia are treated 
mspecialwardsin which thetemperatureisLeptal65 F and the humidity 
1$ maintained at a low level All cases of fever occurring in outlying 
stations are placed during the heat of the day is a cold storage chamber 
attached to the local ice plant During the coolest part of the night 
they are quickly transferred by ambulance to the nearest hospital 

The mechanism of the circulatory disorders of heat py texia is not well 
understood Quickly acting cardiac stimulants such as aromatic spirits 
of ammonia and injections of camphor or of strophanthin are believed to 
be valuable when pulmonary congestion or other signs of cardiac embar 
rassment exist ^^e^ there 1$ cyanosis venous engorgement and marked 
pulmonary congestion venesection may be beneficial Caffeine may be 
helpful as a circulatory stimulant Although frequently recommended 
in the past strychnine is probably of no value as a circulatory stimulant 
Dehydration may well be an important factor in the causation of some 
of the circulatory disorderswhich develop withheat pyrexia In any case 
fluid should be administered freely to promote sweating while the cooling 
treatment is being earned out Intravenous injections of normal salt 
solution or of salt solution and 5 per cent dextrose have been followed by 
highly beneficial results Free admimstration of salt solution is required 
when muscular cramps are present It has not been demonstrated that 
dextrose is of definite value in cases of heat pyrexia or of heat cramps 
Light chloroform anaesthesia is frequently employed to control con 
vulsions Morphine has been used for this purpose but not always with 
success When the cerebrospinal fluid pressure is increased withdrawal 
of fluid by lumbar puncture may be desirable 

If the presence of malaria been demonstrated or even suspected 
injections of a suitable quuune salt in adequate dosage is imperative 
Prophylaxis — The precautions to be recommended m general have 
been outlined on page 1083 
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COMPUCATIONS AND SEOUtLAE 

Owint; to the pulmonary congestion inadental to heal pj-ie^ia bron 
chopneumonia is a common and dangerous sequel The power to sweat 
ma> lemam vn abeyance for three weeks or longer after an attack of heat 
P)Texia and the knee jerks ma> not return for some time These phe 
nomena are indications for continued caution 

When moderate fever persists for some days inlercurrent infection 
IS to be suspected Headache, photophobia, and giddiness may continue 
for a week or more Cerebral or cerebellar symptoms are among the 
serious sequelae Usually they disappear gradually It has been com 
monlj obser\ed that peisons nho hate suffered eten mildly from the 
effects of heat may remain abnormally susceptible to it for many years 
thereafter 


DUCNOSIS 

Circumstances giie presumpiite indications of the nature of the 
malady An attack of pernicious malaria may simulate heat pyretia or 
vice versa The hading of malarial parasites m the blood indicates that 
malaria may be an imporlanl factor although not necessarily the sole 
rause of symptoms Failure to find parasite in the penpheral blood 
however does not exclude subtertian malaria Splenic eniargeme&t 
when present is likely to be of malanal origin The hot dry ^in and 
high fever differentiate heat pyrexia from heat exhaustion Meningitis 
enteric fevers, and pneumonia should not be overlooked Uraemia and 
apoplexy are usually afebrile 

froinosis depends on the degree of seventy of the symptoms the 
promptness and efficacy of the treatment the age of the patient, hi> 
vitality and the presence or absence of complicating conditions Cardiac 
or renal disease acute or chrome alcoholism or preexisting debibty from 
anv cause militate seriously against recovery Percentage mortality 
rates arc dependent upon many variables In hospitahaed cases, they 
range from about 15 to about 50 per cent The prognosis is excellent in 
mild cases in which high fever does not develop 

TREATMENT 

When there is high fever the essentials of treatment are rest rapid 
reduction of temperature, replacement of lost fluid cardiac or ciiculatocy 
stimulation as indicated by the symptoms and, sometimes control of 
convulsions The patient ^ould be placed at once in a recumbent posi 
tion in the coolest available place I ree circulation of fresh air is impor 
lant The clothing should be removed 

To reduce temperature, rubbing with ice and colonic injections of 
jce water have been recommended but these procedures may be too drastic 
Sponging with cold water accompanied by vigorous fnction applied to the 
skin wrapping the patient in a wet sheet which is sprayed with water at 
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TXEATUENT 

In general rest and supportive treatment are required Clothing 
which might impede the urculation should be loosened The patient 
should he quietly m a shady place where there is free circulation of air 
Strong drafts are to be avoided 

If the bod> temperature is subnormal the patient should be wrapped 
loosly in blankets and hot water bottles should be apphed to the feet 
Hot tea aromatic spirits of ammonia or wrhiskey ma> help to relieve the 
patient A h>'podermic injection of caffeine or of a preparation of digitalis 
may be required Although frequently recommended strychnine is 
useless 


PKOFIIVLAXIS 

The general indications have been outlined on page 1083 McCord 
and Ferenbaugb (1931) believed that pathological fatigue or exhaustion 
in soldiers following upon ph>sical exertion under unfavorable conditions 
of heat and humidity can be caused by excessive loss of water and of 
chloride through sweating For the prevention and control of patho 
logical fatigue they recommended the use of sahnized drinking water 
0 25 to X 0 per cent 


Heat Cramps 

Synonyms — Miner s Cramps Stoker $ Cramps Cane Cutter a 
Cramps Firemen s Cramps 

Deffmtioii. — Painful spasms of the voluntary musculature following 
muscular activity in a high environmental temperature (Talbott 1935) 

Incidence — Data an the distnbulion and prevalence of heat cramps 
are scanty Talbott (1935) said that the incidence of heat cramps is 
high in industries in which large numbers of men do hard muscular work 
in high cbmatic or environmental working temperatures IVhen hot 
weather succeeds a penod of cool weather cases of heat cramps among 
workmen begin to appear promptly whereas cases of heat exhaustion 
succeed after several days of heat 

EriOIXIGY 

Cases of heat cramps occurring in the steel industry in Ohio develop 
chiefly in the summer months Thus the incidence of these cases depends 
in part on high environmental temperatures incidental to certain kinds 
of labor and in part on the high climatic temperatures of seasonal origin 
Heat cramps may be common where the relative humidity is high or low 
Relative humidity therefore is of secondary importance as compared with 
temperature 

Deficiency of sodium and of chloride appears to be the essential cause 
of heat cramps Much sodium chlonde passes out in the sweat of persons 
who have not become adapted (acclimatized) to hard labor at high tern 
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By preUmmary exposures ol new nnne \^orkers to greater degrees ot 
heat than these to be encountered bj them under working conditions 
Dreosti believed that some degree of acclimatization and resistance to the 
ill effects of heat could be induced (D 4 robcrt 1950) 

Heat Exhaustion 

Synonyms — ^Heat rrostration Heat Sjneope 

De&ubon — Heat exhaustion is a certain type of response to exposure 
to eace«^ve heat The condition is characterized bv prostration and con 
comitant circulatory disorders which are associated with little if any use 
of body temperature 


ETlOtOCV 

The climatic causes of heal exhauslion are the same as those of heat 
pyrexia Under identical external conditions heat exhaustion may 
develop in one individual and heat pyrexia in another Ttobably the 
type of response to heat is determined by ph\tical condition fatigue 
alcoholism, or the existence of intercutrent disease Chrome circutatorj 
disorders debilitating di eases the raaages of age and fatigue resulting 
from unaccustomed phvsical exertion predispose to beat exhaustion 

PATHOtOCY 

The pathology of heat exhaustion is not characteristic The lesions 
ate those consequent upon circulatory failure 

SVUPTOMATOLOOV 

Svmptoms usually develop rapidly ometimes suddenly Among 
them are weakness, nausea headache pddincss and staggering In 
attempting to walk the patient may fall and he may even lose conscious 
ness There may be an initial rise of temperature to too*’ or 102 F 
Jlore often the temperature is normal or subnormal A sickly pallor, 
a Ion blood pressure with a «oian weak and rapid pulse, dilated pupils 
and a moist clammy skm are the rule 

Mild cases recover rather promptly under rest alone but deaths due to 
arcuJafory collapse are not ancommoti The nature of the accalstcr} 
disturbances appears to be variable but the picture more often resembles 
that of shock, than of cardiac decompensation 

Dtognosts may require exclusion of acute alcoholibm, uraema apo 
plexy, epilepsy and opium poisoning 

Pr£i|Kosis is favorable except in the presence of serious intercurrent 
disease and parbcularly when there is significant pathology of the circu 
Jatory system or of the kidneys Heat ^austion is often reported as a 
secondary cause of death m the elderly and in persons debilitated by 
disease or recovering from operatave procedures 
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Nocturnal cramps m the limbs when not related to exposure to 
heat gastnc crisis and colic of digestive origin are to be differentiated 
from heat cramps 

After the cramps hav e ceased it may be possible to confirm a diagnosis 
of heat cramps by reproduang them in the affected muscles Direct 
pressure upon these muscles is le s rebable for reproducing cramps than is 
counter pressure applied to a flexed limb Among other methods of 
inducing cramps are the application of cold water or exposure to cold air 

Prognosis — Death is rare in the absence of serious organic disease 
or of heat pyrexia The rapidity of spontaneous recovery during rest 
depends upon the seventy of the symptoms Severe cramps recur for 
many hours unless checked by appropnate treatment 

TREATMENT 

Treatment requires rest restoration of the sodium and dilonde content 
of the blood serum to the normal level and correction of anhydremia by 
replacement of body fluid Intravenous injections of normal salt solution 
serve both purposes Administration of sodium bicarbonate or of dextrose 
m normal salt solution has been advised Talbott (1935) doubted their 
value on the ground that the benefits might have been caused by the 
salt solution alone He administered 600 to 1000 cubic centimeters of 
salt solution by the intravenous route during the first six hours and 
repeated it if the patient were markedly hydremic Relief from cramps 
occurred in all of his cases before the end of the initial infusion The 
intravenous route was considered the method of choice until the patient 
was able to take salt by mouth 

Salt can be given by mouth as milk as normal salt solution or in the 
form of tablets The dose recommended for the latter was one tablet 
ofiGm (15 gr) every hourduringthedaytime until ij tablets had been 
taken 

A liberal intake of fluid in amount sufficient to compensate for losses 
by sweating or otherwise is beneficial but of less importance than is 
replacement of salt 


FROPHVLAXIS 

Maintenance of good health is important as a preventive Adequate 
rest and a wholesome nutritious diet are means to this end 

The best method of preventing heat cramps in workmen is to provide 
them with an abundant supply of drinking water containing sodium 
chloride Bock {quoted bv Talbott) recommended a concentration of 
0 I to o 15 per cent m the drinking water He said that when taken cool 
such water had no perceptible sabne taste and that it alleviated thirst 
McCord and Ferenbaugh {1931) found that stronger solution tended to 
increase thirst 

Talbott (1935) estimated that an average ingestion of 15 Grams 
gr ) of sodium chloride daily is probably necessary for men engaged 
in hard labor in hot weather It has long been a custom for coal miners 
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perature$ On the other hand after adaptation has occurred the per 
centage of sodium chloride in the sneat is comparatu el> low Deficiencj 
of sodium chloride ma> be brought about or aggravated through loss of 
this substance bj vomiting or diarrhoea orbj inadequate ingestion of the 
salt Among conditions predisposing to heat cramps are lack of appetite 
ill health unh>giemc bving and acute alcoholism 

Exposure to heat causes at first a dilution and then a concentration 
of the blood At the stage at rvhich heat cramps appear there is apt to 
be an increased concentration of serum protein Cgfobulin) resulting from 
anh) dremia of the blood All of the clectrol j tes in the blood serum except 
the bicarbonate ion maj show variations from the normal but decrease 
of sodium and of chloride alone seems to bear a significant relationship to 
the s>mptoms (Talbott 1935) 


PVTIIOtOcY 

Little IS know n of the paihologj of uncomplicated cases of heat cramps 
because deaths are few In some of the fatal cases the heat cramps ha'e 
been associated with heat pjrexia a condition which is a frequent cause 
of death (Smith 1928) 


*lYltETOSIATOtOCY 

Heat cTdtnps are usually manifested m the muscles of the extremities 
The cramps ina> be so slight as to involve onlj d few small muscles or thej 
ma> occur in most of the skeletal muscles The) are transitor) and they 
tend to recur at longer or shorter intervals m proportion to their sex ent) 
When cramps are slight a man may be able lo continue his work I® 
cases of moderate sesetit) the condition is disabling and m severe cases 
the pain is excruciating 

Ihe distribution of the cramp i> usually symmetrical They are 
manifested especially in the muscles which men use most m the work 
Generally the onset is gradual Slight spasms are succeeded by cramps 
which increase in seventy until after recovery has begun It is doubtful 
whether heat cramps ever involve the smooth muscles of the abdominal 
viscera or the heart muscle Smith (1928) believed that they can and 
Talbott (1935) that they do not occur m these tissues 

Marked increase in pulse rate respiration rate or temperature ana 
alteration m the deep reflexes or in the papillary reactions are not sympto 
matic of heat cramps IVhcn present these symptoms are attributable 
to other causes Constipation is the rule Vomiting occurs occasionally 
and diarrhoea occurs rarely 

DIAGNOSIS 

Ev idence of exposure to unusual heal combined vv ith mu cular exertion 
employment m an industry which involves hard labor and exposure to 
heat or a history of previous attacks m per ons so exposed maypoinftoa 
diagnosis of heat cramps The physical examination is essentially 
negative 



Chapter XXXVII 

TROPICAL ULCER (TROPICAL SLOUGHING 
PHAGEDENA) 

Synonyms — Vhtis Troptcttnt haiaSore 

In many parts of the tropics one encounters a very great number 
of ulcerative processes, of the skm These lesions mav be associated 
particularlj with the presence of Spirockaeta pallida or of Spirochaeta 
sckaudinm and of Bacillus Upra or Letshmanta tropica More rarelj 
ulcerative lesions are encountered which are associated with Spirochaeta 
pertenuis infection or are of blastomycotic or sporotnchial character 
Granuloma inguinale and lymphogranuloma inguinale are also not 
infrequently observed in some localities 

Other cases o! ulceration may be explained by infections with ordinary 
pyogenic organisms of the skin which are enabled to get a foothold in an 
aWasion or other minor wound in a person whose resistance has been 
reduced by such cachexia producing diseases as malaria dysentery or 
ancylostomiasis Indeed some authorities attach speaal importance to 
the tibial ulcers found m advanced cases of hookworm disease Some of 
the sores may be primarily due to irntating applications used by the 
natives of many countries as setons In other instances the sores mav 
result from neglected wounds 

It therefore seems clear that the chronic ulcerations of the skin observed 
in the tropics may have at limes a very different etiology However 
investigations during many years in different parts of the tropics seem to 
show that there is one very common form of ulceration known as tropical 
sloughing phagedena or tropical ulcer that may be regarded as at least 
a clinical entity and that has been reported m a few instances to have giv en 
rise to epideimc proportions 

Geographical Distribution — ^It is the commonest form of ulceration 
in Amazonia and is also very common in most other countries of tropical 
South America In Asia it prevails espeaally in India Indo China 
southern China and the Philippines In most parts of Africa it is com 
mon The writer found it also particularly m the Belgian Congo and in 
Tanganyika CorkhiU reports its prevalence in the Sudan and Brennan 
Anderson and Roberts in Kenya Colony It is said to be the commonest 
cause of disability among laborers m Malaya and James (1938) has 
ernphasized that it is a terrible scourge in the islands of the southern 
Pacific throughout Melanesia and especially in New Guinea and the 
Solomon Islands where he studied 892 cases Manson Bahr (1940) 
points out that it has occasionally assumed epidemic proportions James 
(1938) refers to epidemics of such ulcers especially in New Britain Melan 
joos 
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PKOFIlYLAXtS 


iti England to add salt to their beer and it is said that those who dnnl 
salted beer do not sufler from heat cramps Stokers on vessels sometimes 
take sea water for the same purpose 

Men who are newly engaged for heavy work in a hot environment 
should be protected at first by restriction of labor and by liberal ingestion 
of salt The same is true of workers in general when a heat wave succeeds 
upon a period of cool weather 
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the organisms on a potato extract medium The latter found that the 
spiral forms occurred rarel) on this medium 

Tunnicliff and Hamrnond (1934) have studied the rough colonie of 
fusiform bacilU and ha\c presented additional evidence to support the 
opimon that the fusiform banlh and spirilla are different forms in the life 
c^cle of one organism Smith (193a) states that he has repeatedly seen 
spiral forms take the place of fusiform bacilli m pure culture and seen 
fusiform bacilli develop into spiral forms 

For com eniencc of description the two forms are described separately 

Sptrochaeta vtncenli (S schauduint) {LerrtliaTincenli) is a slender deli 
cate spirillum with a variable number of shallow and irregular undulations 
In dark field preparations from the lesions they are activelv motile 
They slam readily with any of the silver impregnation methods (Fontana s 
stain) and with Giemsa s slam but may also be demonstrated b> slightly 
overstainmg with dilute carbol fuchsin (i-s) Loefflers methylene blue 

£i3ctiiui fiisi/ormu is a coarse plump fusiformrod The rods average 
from 5 to 7(U in length but may vary bevond these limits in the same prepa 
ration They may be straight or slightly curved and the ends taper to 
a sharp or dull point In stained preparations they are charactensticallv 
beaded or banded They can be demonstrated with ordinary bacterial 
stains and are generally Gram negative They have been described as 
non motile but in some types a definite and even active motility has been 
observed 

rusosptraehaelosts — In addition to tropical ulcer the spirochaetal 
and fusiform organisms ate found in small numbers in the mouths of many 
normal adults particularly around the gingival margins and in the tonsillar 
crypts They ate very numerous in the pseudo membranous ulcerative 
inflammations known as Vincent s angina and Vincent s stomatitis and 
may complicate other types of ulceration such as diphtheria syphilis 
or carcinoma 

Since the original descnption by Vincent of these organisms in caves 
of hospital gangrene they have been found in a variety of pathological 
conditions associated with putrid inflammatory ulceration The com 
monest sites are around the gums tonsils and mucous membrane of the 
mouth The lesions may be confused with diphtheritic syphilitic or 
caranomatous ulcerations or the orgamsms may be pre enl as secondary 
invaders of these conditions From here extension may occur into the 
surrounding tissues causing extensive necrosis or into the middle ear 
larynx trachea and bronchi Less frequently any of the other mucous 
membranes may be involved — oesophagus colon appendix and rectum 
The external gemtals may be the site of fusospirochaetal ulcerations 
either as a primary infection or secondary to syphilitic or chancroidal 
lesions Deep phagedenic ulcers may result Post operative and other 
skin wounds may become infected As pointed out above many cases 
of tropical ulcer fall into this category Finally the bronchi and lungs may 
be affected with the development of a putrid bronchitis or broncho 
pneumorua (particularly post-operative) which is often follow ed by abscess 
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esia and Llojd PaUersort has described an outbreak m Assam which 
swept iike a plague through the country, seriously interfering with the 
efficiency ol the labor forces in the tea plantations Manson Cahr states 
that It was very common among the earners attached to the East African 
forces dunng the Great War and among them and tn the natives of Kenja 
It caused art immense amount of disabdity During 3943 an epidemic 
was reported in the civihaa population m Algeria from August-December 
4000 cases were reported Many more cases were believed to have 
occurred Amputation of the legs was necessary m at least 8 cases to 
save tJie Ines of patients 

Etiology — Although phagedenic ulceration is evidentlj an infectious 
condition its etiology is not 3 et entirely clear The most sinking feature 
with reference to its cause is the presence of spirochaetes and fusiform 
bacilli in the lesions These organisms ate practically always associated 
during the active stage and the wnter has found them not only upon the 
surface of the lesions but ettending at times for at least several more 
centimeters into the tissues surrounding the ulcers James in a study of 
S92 cases states that all showed fusiform bacilli, while 75 per cent showed 
spirochaetes and 6s P«r cent intermediate filamentous forms 

\inceftt (iSjS) in a study of 40 out of 47 eases etamioed sho sed that spirofhartes 
and fusiforni bacilli vere encountered 10 enormous numbers in ibe pseudomembrane of 
the lesions where other bacteria were only occasionally encountered He sJw found 
them later in a condition knovn ns Vincent s angina 

fZe] sselitz and Vfai er who also found these organisms in tropical ulcer considered 
(he spiral organi ms idtnticsi > ith S tfkoniiii>it which rrorvo/ek described in 1907 
(bynonvm of S (iiicriiii Planchard 1404) Wolbacb and Todd also encountered the 
spirochaetes u ually a sociated v ilh fusiform bacilli m q out of ao ulcers \\ bile the 
spirochaetes shonedconsiderable variauon in morpholo'o there vaaone type which nas 
present in all of the smears in great numbers 

While the fusiform bacilli and spirochaetes are practically always 
found together il is not yet definitely decided whether their association 
is a symbiosis or whether they represent different forms of the same 
organism Some investigators Tunnicliff Smith (1932) James (1938) 
and others have observed an apparent transformation from one type into 
another in cultures James emphasizes that sometimes preparations show 
every step between the fusiform bacillus and the spirochaete via the pres 
ence of ffiamentous forms as though they all represented actually only 
one organism These filamentous forms may be long and rather thick 
and may be seen dividing to form fusiform bacilli or they may be finer 
and show ev ery gradation between a long straight form and a definite 
spirochaete Some of the Samenlous forms are exceedingly fine flow 
ever others believe that these two organisms represent distinct species 
Both forms are obligate anaerobes and can be grown on enriched artificial 
media Cultures hav c a foetid odor 

Tunnicliff has cultivated the fusiform bacilli anaerobically upon slants 
of ascitic fluid agar at 37 5 C and observed that in such cultures before 
the fifth day only bacilli can be found but after this time spiral forms 
annear and finally constitute the aajontyaf the organisms in the culture 
aanetz and Reddger (t933) and Spaulding (1937) have also cultivated 
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bers of spirochaetes identical morphologically with Sptrochaela zinctnlt 
or 5 schaudtnm and associated with the fusiform bacillus In addition 
to these forms in some instances one finds cocci and other bacilli but only 
very rarely cocci in such abundance as the spirochaetes and fusiform 
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bacilli A Study of sections of the ulcers shows that the tissues at the 
surface ha\e usually undergone a coagulation necrosis There is fre 
quently a layer of coarsely meshed fibrin in which large numbers of 
degenerating polymorphonuclear leucocytes spirochaetes and fusiform 
bacteria are present Other bacilli and a>cci are also seen in much smaller 
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and gangrene In these cases the organisms can be found in the sputum 
and their early recognition is imperative, since without appropriate 
therapj the mortaht> is high— 40 per cent according to Kline and Berger 
These organisms are frequenllj found m p>orrheal pockets and aUhou(,h 
fhe> maj have no direct causal relationship to the condition, the> 
undoubtedly aggravate it Such areas when neglected have been aptl> 
termed ‘anaerobic jncubatore These organisms hav e often disappeared 
from the mouth after extraction of all the teeth 

Classification — ^The giauiFusobaclertuin is defined in Bergey s Manual 
(1939) as follows Gram negative ancrobic rods usually with tapering 



ends Usually non motile Stain with more or less distinct granules 
The type species is Ftisobaclertnr» fiauti vihc«nIi 

D T Smith (1933) divided the fusiform bacilli into 3 types on the 
basis of their morphology Type t is the characteristic large fusiform 
bacillus commonly seen m Vincents angina Type 2 is similar but 
thinner Tjpe 3 is smaller usually straight and is non motile This 
type was common in the pulmonary infections 

Pathology 

A striking feature m the microscopical preparations made from the 
ulcers and examined either under the dark field microscope or in specimens 
hardened and stained with Gienisa s solution is the presence of large num 
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vibnos may also be concerned m some of the infections He was unable 
to produce lesions with cultures of any of the organisms separately but 
only with mixtures of all of them He has also shown the identity of the 
organisms from oral and from pulmonary lesions By intratracheal injec 
tion into rabbits he produced typical lung abscess or gangrene both with 
sputum from human cases and with membrane from cases of \ mcent s 
angina 

Epidemiology — Infection in man is undoubtedly influenced by a num 
ber of circumstances Thus filth overcrowding and malnutrition pre 
dispose to tropical ulcer which is probably frequently transmitted by 
direct contagion from man to man Patients suSenng from other wounds 
and occupying beds under unhygienic conditions and next to cases with 
tropical ulcer are said not infrequently to contract it and evidence of the 
contagion is sometimes seen among school children who are in daily contact 
With one another Sometimes thepnck or scratch with an infected instru 
ment may introduce the infection into the skin \ case of a nurse w ho had 
her arm accidentally scratched by an infected knife with which a tropical 
ulcer had been excised two hours before is of interest m this connection 
Although the wound was immedialeU washed with a solution of lysol a 
papule later appeared which rapidly broke down into a typical ulcer 

Apostolides performed an artificial inoculation through the broken 
skin m two cases In both of these cases Spirothaeta sehandinm and 
Bactllits fusiformu were obtained m the lesions In one the lesions 
apparently began 48 hours after the direct inoculation Pampana inocu 
lated pus taken a few minutes before from a tropical ulcer very rich in 
spirochaetes and fusiform bacilli into another patient suSenng from a 
lacerated and bruised wound of the ankle which was shown to be free of 
spirochaetes or fusiform bacilli by repeated examination The wound 
was dressed aseptically afterwards and for about a week no change was 
noticed Twentv nine days after the inoculation a typical tropical ulcer 
developed m the place of the former wound and the first smear made 
from It showed numerous spirochaetes and fusiform bacilli The ulcer 
healed subsequenth under appropriate treatment 

Patterson has reported that by bandaging a swab smeared with the 
secretions from a typical sore on the surface of an abrasion on the skin 
from which the scab had been removed he succeeded in producing a char 
actenstic sore 

James (1938) believes that he has demonstrated that the discharges 
from a phagedenic ulcer are actively infective and may transmit the 
infection to another part of the body by direct inoculation from the 
original lesion 

It has been observed that the disease in some localities attacks espe 
cially the undernourished and malana stricken natives Clements in 
Melanesia and James in the Solomon Islands believed that diet defi 
ciencies especially in vitamin Bj as well as climatic factors and malaria 
predispose to the infection Nevertheless they consider that the fusiform 
spirochaetes play an important part in tissue destruction 
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numbers In films from a number of our cases of ulcer, phagocytosis of 
red cells by poly morphonucJcar leucocy tes had taken place The epi 
thelmm surrounding the ulcers frequently show s thickening and downward 
growths, as is so often observed in other chronic ulcerative processes 
Acantholysis is sometimes sinking The epithelium is often markedly 
infiltrated with polymorphonuclear leucocytes The conum may be 
oedematous and infiltrated with polymorphonuclear leucocytes and with 
lymphoid and plasma cells while the subpapillary layer often contains 
many fibroblasts The walls and bases of the ulcerations consist of 
granulation tissue the deeper tissues as well as the conum show a marked 
infiltration with lymphoid and plasma cells Vertical sections of the 
ulcers reveal a large amount of granular detritus and numerous foci W 
leucocytic infiltration while the deeper layer consists of more dense 
fibrous tissue Spirochaetes and fusiform bacilli and not mfrequentiy 
other bacilli are found, particularly m the areas where definite necrosis 
of the tissue has occurred Fig 235 illustrates the enormous numbers 
in which the spirochaetes and fusiform bacilli are often encountered m 
almost pure culture 

Me^od oi Infection — Although the fusospirochaetes arc found so 
commonly in the ulcerative lesions it is not yet entirely clear whether 
they are the sole primary etiological agent or whether they are merely 
present as secondary invaders which modify and extend the lesions The 
disease is not readily communicable to the lower animals by direct inocu 
lation The writer attempted to produce lesions in monkeys by removing 
small pieces of tissue from the ulcers and after they had been thoroughly 
rinsed m normal saline solution grinding (hem up in a mortar suspending 
in saline solution and the suspension injected subcutaneously into the 
animals Suppurating and ulcerative lesions were produced in some of 
the e animals in which both spirochaetes and fusiform bacilli as well as 
COCCI were found present However such lesions were only produced in 
those animals m which the skm had first been bruised or otherwise injured 
at the point of inoculation From our observations and those made by 
other investigators it seems probable that the organism cannot usually 
establish itself in healthy skin or even in many aseptic wounds and that 
It IS only when the integument is bruised burned or otherwise injured and 
the circulation interfered with or the vitality of the tissues otherwise 
impaired that necrosis occurs and that phagedenic ulceration results 

More recently Kntchevsky and Seguin have stated they believe the 
organism to be primary and (bey have produced local abscesses in animals 
and occasionally a generalized spirochaetosis by the injection of pure 
cultures of spirochaetes and fusiform baalli When either alone were 
injected no lesions were produced The invasion of pyogenic cocci was 
believed to be a secondary phenomenon E Smith (1936) has also pro 
duced typical tropical ulcers in hedgehogs by intracutaneous and sub 
cutaneous inoculations of matenal from human ulcers Both fusiform 
and spirochaetal forms were found in the experimental ulcers He 
believes that other anaerobic organisms especially streptococci and 
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and depth through the skin and subcutaneous tissues and if untreated a 
lesion anywhere from 5-10 cm in diameter nia> result The margin of 
these ulcerations are not generally undermined or raised to a striking 
extent The base of the ulcer comes to consist of sloughing tissue and 
portions of this tissue are gradually cast off The surface is often bathed 
with purulent material assuming a gray or greenish grav appearance On 
wiping away this exudate areas of granulation tissue may be seen spring 
ing up m different portions of the base of the uker or near the margins 
In the course of a w eek or two the sloughing process may cease In other 
instances the slough extends in depth and in some instances will destroy 
not only the superficial fasua but in some instances muscles tendons 
nenes and vessels and even the periosteum of the bone may become 
necrosed by the gangrenous process 

In such cases m which the joints bones and large blood vessels are 
destroyed even if the patient recovers ^reat deformity may result from 
the contracting cicatrices or from ankylosis James reports that in New 
Britain ulcers and other complications (tovaemia deep sepsis and exhaus 
tion) were the chief causes of deaths in the hospitals To save life urgent 
amputations were often necessary though amputation proved risky 
because of extensive subcutaneous extension of the phagedenic process 
In severe cases the formation of scar tissu*' is unfavorable for the prognosis 
since It diminishes the blood supply in the new skin and ev en after healing 
the lesions frequently break down 

Diagnosis 

Laboratory diagno is of fusospirochaetosis depends upon the demon 
stration of the organisms m stained smears or bv dark field illumination 
m perfectly fresh material If anv membrane is visible m the lesions it 
should be removed and preparations made from the depths of the ulcer 
In regard to pulmonary disturbances the fact that the organisms are 
present m small numbers in the mouths of many normal individuals must 
be remembered in interpreting the findings and other pathological con 
ditions to which they may be secondary should be excluded Sputum 
must be examined when fresh since the spirochaetes may be autolyzed 
W'lthm an hour or two The peculiar sickening slightly sweetish odor to 
the breath in infections of the mouth and lungs may suggest the etiology 
There is no increase m the granular leucocytes in the blood and there is 
occasionally a marked Ivmphocvtosis 

Treatment 

\ ery satisfactory results in treatment have frequently been obtained 
with neosalvarsan or neoaisphenamme employed both locally and by 
injections For local application of the ulcerations a 3 per cent solution 
of salvarsan or arsphenamine may be apphed on a piece of cotton for 24 
hours at a time W hen healthy granulations appear then mild antiseptic 
ointments such as those contaimi^ bone acid have been recommended 
Corpus has treated 598 cases of chronic ulceration in the Philippines in 
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McCuil&cti ttports tbe hlocd caloum content blood sugar and blood ures (o be 
much diromisbed probably as the ic uU o! deficient dietary 

Gotfiole in tbe etaminalion of i 500 recraits poiits oat the absence of tropi j! 
ulcer m the Sand^^\e tribe Tans^ny Aa temtwy Their diet consisted of meat tr 'It 
oassa\a srie«i potato and dried fish srluch should give a high blood calcium He 
thinks this an explanation of ihtir freedom Since they do not eat segelables the 
majority of the calcium in their diet is not redund by Ae pie ence of orjlate I# 
other tribes in the same diMncl> ilhadietUm in calcium ulceration i ereverj common 
Charters found tropical ulcer confined to two Somali battalions whose food djfiertd 
from that of the East Africans The mam dissimilarity between the two diets was a 
defiaency of vilatmn A and riboflavin in that of the Somalis 

As the feet and legs are most exposed to injury thev are the most (requent locations 
of thi form of ulceration Nevertheless the arms or other parts of the bo W may some 
times be attacked ‘^lnce cracks and abrasions of the feet ate cotomon among the 



people who go latefoot d it ha been soggeslrd that native and Europeans might 
hecotre iidected from biuiscs when wading in stagnant or other water la the tropics 
In fact Piehn and Cena believe polluted water to be the cau e of the infection and Smits 
has held the opinion that humid earth in plantation drains carries the organism How 
ever experiments in the 1 olation of pathogenic pirochaete m such locihti have not 
set been sueces (ul Also white spirochaetca have been observed in a numb r of 
mosquitoe andindiptera e-pccially yi«« urn none of these have been demonslraled 

to possess pathogenic properties and to give nse on inoculat/on t" uJcwalive lesions 
That flies may occasionally transmit the infection mechanically from one ulcer ihtou h 
an abrasion on tbe akin of a healthy individual is probable 

Syuftous 

If a lesion begins mdependentlj of any abrasion or trauma of the skin 
the ulceration may be preceded bv the formation of a \esicle It soon 
ruptures leaving a sloughing surface In other instances a small pspuk 
jnav be first noticed, which soon betoraes mflamed and ulcerates Devel 
oomeat e5 the Va on may be associated with pain some fever and con 
stituUonal disturbances Tbe ulceration extends rapidly m diameter 
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and depth through the skin and subcutaneous tissues and if untreated a 
lesion anyvihere from 5-10 cm id diameter may result The margin of 
these ulcerations are not generall} undermined or raised to a striking 
ertent The base of the ulcer comes to consist of sloughing tissue and 
portions of this tissue are gradually cast off The surface is often bathed 
with purulent material assuming a gray or greenish graj appearance On 
wiping away this erudate areas of granulation tissue ma> be seen spring 
mg up in different portions of the base of the ulcer or n ar the margins 
In the course of a v, eck or two the sloughing process may cease In other 
instances the slough extends in depth and in some instarices will destroy 
not only the superficial fasaa but in some instances muscles tendons 
nerves and vessels and even the periosteum of the bone ma> become 
necrosed by the gangrenous process 

In such cases in which the joints bones and large blood vessels are 
destrojed even if the patient recovers great deformity may result from 
the contracting cicatrices or from ank>losi> James reports that in New 
Britain ulcers and other complications (toxaemia deep sepsis and exhaus 
tion) were the chief causes of deaths in the hospitals To save life urgent 
amputations were often necessat> though amputation proved riskv 
because of extensive subcutaneous extension of the phagedenic process 
In severe cases the formation of scar tissue is unfavorable for the prognosis 
since It diminishes the blood supplj m the new skin and even after healing 
the lesions frequentlj break down 

Diagnosis 

Laboratory diagnosis of fusospirocbaetosis depends upon the demon 
stration of the organisms in stained smears or by dark field illumination 
in perfectly fresh material If any membrane is visible in the lesions it 
should be removed and preparations made from the depths of the ulcer 
In regard to pulmonary disturbances the fact that the organisms are 
present in small numbers in the mouths of raanv normal individuals must 
be remembered in interpreting the findings and other pathological con 
ditions to which they may be secondary should be excluded Sputum 
must be examined when fresh since the spirochaetes may be autolyzed 
within an hour or two The peculiar sickening slightly sweetish odor to 
the breath in infections of the mouth and lungs may suggest the etiology 
There is no increase in the granular leucocytes in the blood and there is 
occasionally a marked lymphocytosis 

Treatuent 

^'ery satisfactory results in treatment have frequently been obtained 
with neosaJvarsan or neoarsphenamme employed both locally and by 
injections For local application of the ulcerations a 3 per cent solution 
of salvarsin or arsphenamine may be applied on a piece of cotton for 24 
hours at a time \\ hen healthy ^nulations appear then mild antiseptic 
ointments such as those containing bone acid have been recommended 
Corpus has treated 598 cases of chrome ulceration in the Philippines in 
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which 410 patients nere cured He found this a most effective method 
0} treatment Another method of treatment which Corpus has found 
verj satisfactorj consisted of bathing the ulcer with a 1-4000 solution of 
potassium permanganate and then dusting with Vincents powder 
(i part of sodium hj^pochlonte with g parts of bone acid) 

Schufiner, Werner and Smitshavealso reported particularly favorable 
results m the treatment of tropical ulcer by injections with salvarsan In 
fact many cases which would not yield to surgical treatment and which 
only became worse were cured by the use of this drug 

Tournier has also found that the subcutaneous single injection of 0 30 
centigrams of novarsenobenzol in 4 per cent sodium chloride solution is a 
most satisfactory method of treatment He found this tvpe of ulceration 
to be uninfluenced by atoxyl or antimonv 



Fig 3^8 — T op cal slousb Kg phasedena advanced stage Amason a 


In cases with pulmonary lesions neosalvarsan or arsphenamine should 
be given intravenously as soon ns the diagnosis is made 

Pampana has recommended particularly for the ulcers daily dressings 
of i-iooo solution of acriflavine He obtained excellent results, and after 
the fifth dav of treatment bacilh and spirochaetes were very rare m the 
lesion and the ulcers soon showed good granulations and healed in a short 
time afterward 

Several authors have recommended surgical treatment and the scraping 
away of all the sloughs and softened tissue with a Volkmann spoon until 
a firm base of sound tissue has been obtained and the undertnincd edges 
of the skin cut away with scissorssoas to leave no pockets Suchmethod 
of treatment however is very i>a!nful and is usually unnecc'ssary Exci 
Sion with subsequent skin grafting may be recommended in suitable cases 
Van Nitscn and Walravens succeeded in obtaining cultures of the 
fusiform bacillus which was a strict anaerobe on ascitic fluid tovered with 
a layer of sterile paraffin The growth contained an abundance of the 
associated bacteria the fusiform baallus and the spirillum Suspensions 




TROPICAL ULCER (TROPICAL SLOOGHINC PHAGEDENA) II05 

of the associated bacteria were sterilized And a vaccine prepared Doses 
of one fourth to one half three fourths and one cubic centimeter were 
given at intervals of two days Some aoo patients were treated in this 
way but the authors found no improvement with the treatment and pro 
nounced it of no curative value 

More recently Pons has earned out vacano therapy in tropical ulcer 
and found that the anti spinila vacane had a rapid action on the phage 
demc ulcer in all cases treated Forty-eight hours after treatment was 
begun all pain had ceased and the inflammation had disappeared After 
3 days there was no sign of necrosis and after the fourth dav cicatrization 
commenced Complete cure of the ulcer was sometimes long depending 
particularly on the general condition of the patient and the character of 
the lesion Four to fiv e injections were usually enough Pons states that 
the organism isolated from the ulcers and used as an antigen differs some 
what from SpirochaeUi tmctnlt in its dimensions and cultural properties 
but he could not state whether or not antigenic properties existed which 
were common to both germs 

Pfaanenstill has recommended the use of sodium iodide combined with 
hydrogen peroxide In the case of an ulcer on the surface of the body or 
the limbs he recommends sodium iodide m the average dose of 15 grs two 
or three times a day Larger doses do grs to 90 grs a day may be given 
but entail some risk of lodism Immediately after the ffrst dose of the 
salt the local treatment with peroxide 1$ commented The ulcer is 
covered by a layer of cotton wool which is kept constantly soaked with 
the acidified peroxide solution which is dropped upon it every tenth or 
fifteenth minute or if desired more frequently The strength of the 
peroxide solution should be 1 to 3 percent to which there should be added 
H W per cent of acetic aad Pfannenstill believes that the sodium 
iodide after bemg quickly absorbed into the blood is earned to the ulcer 
atedsite Here it meets the hydrogen piroxide the iodine is set free and 
being in the nascent state acts purelv as a bactericide the iodine being 
more readily freed and to 3 greater extent if the hydrogen peroxide is in 
acid solution The blood contains most sodium iodide about one to two 
hours after its administration so that this is the tune when particular 
attention should be paid to soaking the wool with the peroxide solution 
This method of treatment however is obviously not very practical in 
many tropic il countries where tropical ulcer abounds 

\maral has reported exceedingjv successful results m Brazil bv means 
of the local application of normal dried serum without the use of any anti 
septic substance He states that on the first application of the serum the 
ulcers begin to change in appearance becoming clean and regular and 
when the dressings are applied with cate some of them become aseptic 
An intense reaction of aeatnzation is produced without delay and the 
sore begins at once to heal A complete destruction of the spirochaetes 
and fusiform organisms occurs daily Amaral considers this superior to 
all other methods of treatment Various bismuth salts have been used 
both for local application and injection (Field 1940) 



Houssiau has reported recentlj a case of three and one half months 
duration which was pre\ lously treated with local caustics and neosalvarsan 
injections without result The ulcer, however, almost completelj healed 
after 3 intramuscular injections on successive days of 3 cc succinate of 
bismuth, followed a further injections at 2 and 3 dajs interval Local 
applications of bismuth hjdro-vide m oilj suspension were emplojed 
concurrently 

Injections of antimony tartrate have usually not given particularly 
satisfactory results Abraham however claims to have obtained satis 
factory results with this drug in (he treatment of Naga sore in the tea 
gardens in India Abraham however states that these ulcers were of 
undetermined etiology, so that possibly they might not be correctly classi 
fled as phagedenic ulcer 

Generally speaking, the treatment with the organic arsenical com 
pounds appears to be the most favorable one, with daily antiseptic 
cleansing and dressing of the lesion and later strapping with elastoplast 
Terdschaman has reported an etccllent result m a case ofay ears standing 
from injections of neosalvarsan and local treatment of 10 per cent copper 
sulphate solution 

James (1938) has also employed copper sulphate m glycerin using ss 
much as the glycerin will absorb To each ounce of the resulting solution 
he adds one dram of pure carbolic acid as an anesthetic This solution is 
applied daily to bad ulcers until the surface feels hard and granular In 
the early stages small superfiaa) ulcers after cleansing often heal by 
Morisons method with bismuth lodiform paste aided by hrm strapping 
with elastoplast For larger ulcers, James believes in etcision and imme 
diate skin grafting 

Kerby advises that einc ionisation is valuable in stimulating the heating ot chrome 
ulcers For this purpose be advocates s 1 pet cent solution of zinc sulphste at the rate 
of 2 ma per square inch for 10-30 minutes Many other methods of treatment have 
been recommended Velupillary (igai) has reported especially successful results 
the application of shark liv er oil which be points out has a very nigh vitamin A content 
to which the healing of the ulcers is attributed 

Good results were reported by Bayley in 1939 from sulfanilamide 
therapy However Manson Bahr (1939) reported two cases m which it 
had no effect Earle (1940) in a more extensive trial of sulfanilamide, 
found it was of doubtful value m the long standing ulcers but that it 
seemed to be of value m recent ulcerations and in the pre ulcerative or 
vesicular stage In the cases favorably influenced local treatment was 
also employed with other drugs 

It has been suggested that saturated solutions of sulfanilamide (0 8) 
m normal saline solution might be employed locally for treatment 
Herrell and Brown (1940) have reported encouraging results with itm the 
treatment of badly infected wounds Wliile the precise mechanism of the 
chemo therapeutic action of sulfanilamide on bacteria is not entirely 
clear the action of the drug in the wound may be modified by several 
factors Destruction of tissue results in a breakdown of protein w^ith 
the formation of peptone and the presence of peptone inhibits the hetero 
static acUon of sulfanilamide The destruction of Ussue in tropical ulcer 
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IS usuaU> extensn e hence the drug wiD probably be of no value except in 
very earl} lesions Sulfalhiaaole has also been recommended for local use 
Lages (1941) has reported that sulfanilamide is of value m epidemic 
tropical ulcer provided it is applied locally and given by the mouth as well 
He believes it is the combination of the two methods that is probably 
responsible for the favorable action 

In undernourished and cachectic individuals attention to the diet is 
of importance and a well balanced diet including fresh vegetables and lime 
juice should be provided In cases ui which there 15 e\ idence of malarial 
infection quinine of course is indicated 

T/eatcifnt rectnliy suggested n Ihe pre ent war includes Ihe /olloivin^ \ buJIelin 
I om The War Office London Ap I 943 tec mmends t That the ulcer i com 
pletdy exposed 1 e all overl>i k t ss e i»h ch tends to damm up di charges is removed 
1 The wound is bathed m h>pe tonic magnesium sulphate solution probably isotonic 
solut n re equally effcacous 3 Sulfonamide powder from crushed sulfonamide 
tablets is appi ed to the ulcer Generally ab ut one third of a tablet is required 1 e 
gr 4 Z ne ide plasteriaappliedd re cly totheulcerto coverit 5 Thewound 
IS not dressed again for about j days The advanta es claimed are that healing takes 
place m 7-10 days Much time and material (gaure lint wo 1 et cetera) are saved 
D a ning IS little interferred with and admi Sion to bosfital I often av ded 

G ndlay (1444) states that folioting the evacuation from Bu ms n 194a many 
cases of naga so e n Ch nese Indian and North 6 ma t ib s pe pi weed eased 
daily by his ho p tal un t Fo treatment he ec mme ded Immed te e e n f all 
d ad ti ue m acute lesions ^ th a sharp Lnife or sharp cur ed seis rs Dailv cleans ng 
of the lesion with soap and water and dressings with sterile gauze soaked with 
glycerin solution of mag esiutn uipbate dressings should be held hrmly in place by 
oiler bandages When gl/c s n t ava table as tu ated aqueou s lut on f mag 
nes urn sulphate may be u^ and tbe dress ngs oaked ith this at f eq ent inte vala 
Oceasonally in the infected ulcers m nati es magot were encountered In such 
nstaoceshe emarkstb tifit sfea ed (hat all have noth tn removed the wound should 
be packed with gauze soaked in azocUoram d nt actnfo 0 e day Azichloramid 
seems superior to magnesium sulphate glyce m m th s one respect Sulfo m de 
powder rcryst Iswas ubbed intoallsurgically exposed tissues and the ou dspacked 
w th vaseline g uze In me insla c s after wrapping the entire limb m a layer of 
cotton a plaster of pans cast wasappl ed 

Veld Sore 

Synonyms — Desert sore Barco rot 

A fo m of tropical ulcer has been described under the name of veld sore which 13 
common m van us d sert regions It is frequent in north Australia and Quee sla d 
and affected the Bntish tr ops m the Sudan and South Afr can campaigns It al 0 was 
reported to have caused a considerable amount of disability in Call pol Egypt Pales 
t ne and Ir q during the g eat var In South Africa it has b en observed especially 
m spo tsmen and tr lers 

These ulcerations may appear on the face as weO as on the dorsal 
surfaces of the hands or forearms or on the lower extremities They seem 
to arise from infections of abrasions of the exposed parts In the early 
stages oi the lesion the diphtheria baallus has been frequently isolated 
and some of the cases have been followed by diphtheritic palsies The 
lesions have at times been demonstrated to constitute a form of cutaneous 
diphtheria Such cases were reported by Craig in the Smai desert The 
simultaneous existence of cases of ordinary faucial diphtheria should 
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make one suspicious of the real nature of such ulcerations A diphtheritic 
ulceration of the skin maj be more frequent than was formerly supposed 
However the klebs Loefiler bacillus can be isolated with ease only 
from the primary lesions In the chronic ulcerations it is very difficult 
to recover it, as it is often overgrown by staphylococci and other suppu 
rating organisms * 

Biggam (1942) also has observed that anal diphtheria is a more senous aSectioe 
In Its initial appearance it may resemble a thrombosed haemorrhoid The condition 
may be a definite hazard among troops in the desert 

The veld sore starts as a vesicle, which soon breaks down to form an 
erosion which tends to spread The pain is more marked than would be 
expected In about a or 3 weeks a punched out ulcer may result, which is 
covered with a dirty gray deposit — not distinctly membranous in char 
acter The ulcer is very chronic and resists treatment with the usual 
applications but following injection of antidiphthentic serum m the 
subcutaneous tissues near the sores there is often rather prompt response 
Scott saw numerous cases in the BnUsh troops m the World y\ar 
Manson Bahr states that the desert sores he observed among British troops occurred 
most frequently in men of mounted units and the rate of incidence coincided with that 
of a wide spread epidemic of faucial diphtheria 

SYUPTOUATOLOCV 

These ulcers are most frequently found on the dorsum of the foot over 
the shin and about the external malleolus More rarely they involve 
the dorsum of the hand or back of the wrist and occasionally the face 
In the multiplicity of clinical descriptions from v anous parts of the tropics 
two types of well developed ulceration have been especially noted 

One IS that of a rather chronic ulcer, which slowly develops from a 
painless swelling which is not unlike a gummatous process Surrounding 
the swelling is a circumscribed reddened glazed area of skm After 
two or three weeks the swelling begins to soften and a serous fluid exudes 
from its summit Ulcci'ation with the frequent formation of a membrane 
like deposit now sets in and later on there results a more or less punched 
out ulcer showing indurated margins There may be no impairment m 
the health of those with this type of ulcer 

The other type is generally seen in persons who are much debili 
tated or suffering from some cachectic state In the earliest stages 
these sores seem to resemble an area which has been excoriated and 
inoculated with vaccine virus there being a rather dry angi:> looking 
spot of erythema This within a few hours may be surrounded by a 
circle of vesicles beyond which is an encircling inflammatory areola 
There is marked subjective pain and tenderness The serum from 
the vesicles at this stage may show few if any bacteria and the cellular 
contents are made up almost entirely of polymorpnonuclear leucocytes 
• Biggim has also noted the occuireiice of « second form of desert sore which is 

attributed to a haemolytic streptococcus Some observers believe that this is the more 
common form encountered in the desert 



Within a few hours to one or two dajs the area within the ring of \eaides 
IS converted into a dark graj to blaek pultaceous diphtheroid membrane 
which when detached shows undeiljncg fungatmg granulations covered 
with greenish jellow pus This membrane if stripped off tends to reform 
with great rapiditj (t\vent> four to forty-eight hours) and in many 
respects resembles the membrane of diphtheria except for its dark color 
These ulcerations extend with great rapidity and even when showing a 
tendency to heal may suddenly from a point along the margin proceed 
to form a new area of ulceration extending somewhat as would a ringworm 
When the original site of ulceration fails to heal during a period of several 
weeks the edges become rather indurated but do not show the punched 
out or undermined charactensUcs of the first type These cases last 
for months and are far more tantaliaing than the former type of ulceration 
for the reason that from tune to time they show a strong tendency to 
heal the process clearing up almost entirely when suddenly the former 
area of the ulceration is equalled or exceeded 

Whether all these ulcerations are primarily diphtheroid in origin is 
not clear However typical diphtheritic pareses or paralyses occurred 
as complications in 37 per cent ol one senes ol cases Paralysis of the 
palate arms and legs and accommodation and paralysis of the iris have 
been noted In other cases ataxia loss of knee ;erks anaesthesia and 
incoordination have been observed 

TRE4TUENT 

Specific treatment recommended is anti diphtheritic serum at least 
4000 units being injected subcutaneously m the vicinity of the sore The 
sores should also be dressed at first with the same serum or with weak 
disinfectants Preparations of chlorinated lime and bone acid have been 
frequently recommended A popular antiseptic used during the World 
War for local treatment was eusol which was made b\ shaking up i 5 
grams of bleaching powder m a liter of water then adding 125 grama of 
boric acid After shaking again and allowing the mixture to stand a 
few hours it was filtered the clear solution being eusol It should be 
kept in well stoppered bottles or made fresh from day to dav 

Many reports have been made regardmg the prevalence of desert sore 
in the British troops m North Africa dunng the present W orld W ar In 
these reports the bacteria encountered have usually been the pyogenic 
cocci and not the diphtheria bacillus Rapport (1943) after treating 
I 000 patients points out that the skm is far more susceptible to injury 
in the climate of the desert and the condition is almost universal among 
troops there New comers among the fair tinned men being specially 
susceptible The minimum amount of trauma results unfavorably in a 
breach of the skin surface and a desert sore frequently results Bites due 
to flies bugs and mosquitoes occasionally supperate and give rise to a 
sore He believed prophylactic treatment should be primarily the 
provision of a diet comprehensive m CMential material constituents 
especially vitamin C In the Army ascorbic aad tablets (25 mg) 
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I tablet per man daily were admmistdred and the covering of all cuts and 
abrasions so as to prevent the access of flics and sand He found the 
following remed> generallj effective powdered sulfap>ridme incorporated 
into paraffin molle flav (a 5 gr tablets of sulfapj ridine to 2 oz ofparaffin 
molle flav ) This is appli^ locally and the dressing renewed after 
; dajs 

In cases in which the diphtheria bacillus has been found in the wound 
m addition to serum treatment it has been stated that C diphtheriae is 
Pemcitiin susceptible and it is suggested that the local therapy b> con 
tmuous application of a solution containing 250 units to the cubic centi 
meter applied at the site might be of special value 
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Chapter WXVIII 

GRANULOMA VENEREUM 

Syaonyms — Ulcerating granuloma of the pudenda granuloma 
inguinale 

Definition — An infective ulcerating granulomatous condition g^n 
erally involving the pudenda and adjacent tissues and conveved usually 
bj sexual contact In most cases there is no tendency towards spon 
taneous healing 

Geographical Distribution — According to Daniels the disease was first 
described by Macleod m India under the designation Serpiginous ulcer 
ation of the genitals In rSgd Darnels and Conyers desenbed it as a 
V ery painful disfiguring and contagious disease occurring m both men and 
women m British Guiana Since this tune it has been reported by many 
investigators m most tropical countries and is today widely prevalent in 
parts of India Guiana Brazil (especially Amazonia) the Uest Indies 
Puerto Rico the Pacific Islands and northern Australia It is also com 
mon m southern China In Africa, it has been reported on the West 
Coast and in the north and central districts Numbers of cases have 
been observed in the southern United States in negroes and it is not 
uncommon among the negro population m New Orleans DeVogel has 
reported that in some areas m the southern portion of Dutch New Guinea 
the disease occurs m epidemic form and has threatened the ertmction of 
some of the local tribes With reference to its distribution in India 
Chopra (1956) has found that it is largely confined to the eastern side of 
the peninsula However while it is common m the hospitals in Madras 
on the other hand it is rarely seen in the large skin outpatient department 
in the Calcutta School of Tropical Medicine 

Etiology 

Donovan (1905) described short rod or oval organisms as the causativ e 
factor * They w ere found in all parts of the ulcers but were particularly 
abundant in the deep portions where no other organisms were present 
They were subsequently termed Donovan bodies and were first believed 
to be a species of Proto oa By some they arc regarded as bacterial in 
nature and are encountered m large numbers m large mononuclear cells 
present in the lesions A number of investigators still regard the etiology 
of the disease as undetermined Nevertheless the presence of these 
organisms is such a constant occurrence in the typical ulcerative lesions 
that one is not justified in making a diagnosis of the infection unless they 
are present 

Naming it Cal^mmotohacUnufii j anulomattt 
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Flu in Surinam and Vianna and Aragao in Brazil also obser\ ed similar 
organisms within the large mononuclear cells from scrapings of the lesions 
They reported the cultivation of the o^nism and noted its resemblance 
to Friedlander s bacillus Walker in 1918 also cultivated on Sabouraud s 
and other bacteriological media a baallus that he believed as had Flu 
to belong to the group of so called capsolated bacilli of which Bacillus 
mucosus capsulaliis Friedlander was the type 

A number of cases have been studied in the United States from an 
etiological standpoint In most of these cases the encapsulated organism 
has been found in the mononuclear cells However in a number of them 
in which this organism has been present attempts at cultivation have 
failed and this has led some investigators to believe it doubtful that it 
represents a strain of the Bacillus mucosus capsulatus which is readily 
cultivable on general bacteriological media Thus Johns who studied 
94 cases in the Chanty Hospital in New Orleans was unable to culbvate 
It from any of his cases He points out that while Bacillus mucosus 





capsulaliis is pathogenic for laboratory animals the Donovan bodies were 
absolutely non pathogenic for them as proved by injection of scrapings 
and tissue fragments and other implants from the human lesions 

Similar organisms have been found in the lesions of the condition 
known as rhinosclcroma and this bacillus has been termed B rhino 
scleromatis being first described by B Frisch in 188 This organism 
howev er is apparently much easier to cultivate on ordinary bacteriological 
media than the organism of Granuloma ventrtum Smjders m Sumatra 
thought that there might be dose association between these two diseases 
McIntosh reported that he was successful in transmitting granuloma 
venereum from one individual to another and that he constantly found 
the presence of Donovan bodies in the experimental lesions Campbell 
however contested this work of McIntosh arguing that in the trans 
planted tissues other organisms might have been present He was unable 
to transmit the disease by inoculatmg himself and other individuals and 
laboratory animals with cultures of the organisms he obtained from the 
lesions Although Donovans organisms ate almost constantly present 
some have suggested they may evert a symbiotic influence with the 
primary cause and represent a secondary invasion F L Meleney and 
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several others have emphaazed the importance of a non haeraol>tic 
streptococcus in the production of the lesions • 

Symptoms 

The infection is usuallj limited to the genital regions A few cases 
ha\e been reported in which the mouth was invohed and the process 
invaded the face and neck Torres reported an instance in which the 
disease subsequently attacked the upper lip and nose Sidlick also noted 
ulcerations m the mouth of a typical case m which the disease started on 
the penis and then spread to the groins and right cheek Lynch reported 
Its occurrence on the back and on the legs The disease has not been 
recorded as occurring before puberty It occurs m both se«s, but more 
often in women and this has been said to be the case especially where 
polyandry is practiced 
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The incubation period is often short from 2 to 8 days after 'ictual 
contact In other instances the lesions have not been noticed until after 
2 or 3 months following scTual intercourse The primary lesion begins 
m the male usually on the penis in the female on the labia minora and 
consists of a small vesicle papule or nodule which gradually CTtends over 
the skin and mucous membranes new papules and nodules forming at the 
margins in the healthy skin As the process extends the thin epidermal 
lay er may rub off leaving an excoriated surface consisting of granulations 
that bleed easily and give off a creamy discharge frequently v ery offensive 
Suppurative ulceration usually occurs later 

The process extends from the penis to the groins by contmuitv and 
thence down the inner surfaces of the thigh When the glans penis is 
involved there may be a fungating growth suggestive of epithelioma In 
the female, the infection extends from the labia minora into the vagina 
and also to the labia majora and thence to the perineum and pen anal 
region Recto vaginal fistulae often result The process extends more 
rapidly and markedly when invading mucous membranes 

More convincing experiments have been performed by Greenblatt Dienst Pund 
and Tropin (i9jg) who have tiansnitted the disease to 3 volunteers by direct inocuta 
tion of fluid containing Donovan 1 bod e» and have shown that it is doubtful if the 
organism has been cultivated 
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When the granulomatous process is advancing there is irequentlj 
cicatrization of the areas prexiously invaded forming a scar tissue which 
breaks down easilj There is little pam or itching and the general health 
IS not impaired There is no cnlaigement of the lymphatic glands in the 
uncomplicated cases Although the process extends b> continuity yet 
It may also pass to parts not m contact with the diseased area and at times 
by auto inoculation WTiile healing of affected skin tends to occur that 
of mucous membrane does not There is usually very little tendency to 
deep ulceration 

1 he extension of the pi'ocess is very slow when inv ading skin surfaces 
and there may be a history of \ears involved in the production of a large 
patch of scar tissue At times spots of active granulations may show on 
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an area of glazed unhealthy looking scar tissue An abundant serous 
discharge which has i very offensive odor frequenth occurs from the 
excoriated patches of km 

In neither sex do the lymphatic glands become affected unless sec 
ondary infection occurs with streptococci or staphylococci The infection 
remains a local one Eventually large acatncial lesions are formed 
These however in untreated cases usually do not represent a healing 
stage as the infection still shows a tendency to spread In some instances 
hypertrophic lesions result from an extensive fibrous reaction m the sub 
cutaneous tissues m which however foaof active involvement continues 
due to the persistence of the infective organism As a result of acatriza 
tion the lymph channels are sometimes blocked and pseudo elephantiasis 
of the genetalia may occur Manson Bahr reports that impassable stric 
tures of the urethra may result and recto vaginal fistulae In such cases 
death may result from extension of the intecUon into the bladder resulting 
m septic cystitis 
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Pathology 

The histological appearance of the lesions vanes considerably Usu 
allj the connective tissue of the corium swells and disappears and in Us 
place one finds an extensive round cell infiltration which is often par 
ticularly diffuse in the central portions of the lesion The diffuse cellular 
infiltration which is observed surrounding and below the central area is 
composed of poljTnorphonucIear leucocytes lymphoid cells endothelial 
leucoc} tes and a few plasma and mast cells Particularly at the penphery 
there are connective tissue cells In areas of tvpical granulation tissue 
numerous capillaries are observed, but there are no haemorrhages Giant 
cells are usually not found Near the margin of the lesions polvmorpbo 
nuclear leucocy tes are usually abundant being found particularly in the 
papillary layer of the corium In the reticular stratum the poly morpho 
nuclear leucocytes are usuallv m small numbers, endothelial leucoevtes 
predominating with a smaller number of lymphoid cells and plasma cells 
The cells of the epidermis ate swollen often hy aline and show mitosis 
The papillae are usually found to be increased m length and in seme 
jnsfances penetrate downward into the papillary and reticular stratum 
In the older lesions there is no caseation but the tissue becomes oedematous 
and many fibroblasts and later much cicatricial connectiv e tissue is found 
The moat characteristic picture is the presence of numerous swollen 
mononuclear cells (endothelial phagocytes) containing large numbers of 
encapsulated rods (Donov an s organisms) Many of these cells ate vacuo 
lated and the organisms he m the vacuoles In some instances the cells 
present a foamy like appearance These cells have been described by 
Fund and Greenblatt (ipjS) as typical granuloma cells 

In the hy’pertrophic lesions there is an ettensivc fibrous reaction in the 

subcutaneous tissue mwhich however small areasofactiveinflamraation 
in which endothelial cells containing the organism are visible In the 
cicatricial lesions Von Haam (1940) describes the characteristic changes 
as consisting of thick bundles of collaginous fibrous tissue including still 
small foci of mfiammatory reaction the collaginous tissue resembling 
closely the keloid masses often observed in the scars of negroes 

Gage suggests that owmg to the abundant transformation of new 
connective tissue which constitutes one of the most important features 
of the lesions that the term sclerosing granuloma is more appropriate than 
ulcerating as the ulceration seems to be insignificant in comparison with 
the formation of the dense fibrous tissue and deep scarring In one case 
he observed that epithelial cells had become completelv separated from 
the branching papillae of the epidermis and in one area he found pearl 
formations of these separated epithelial celb the condition resembling a 
spmo cellular carcinoma 

Diagnosis 

The diagnosis may be made by the demonstration of the characteristic 
organisms Scrapings should be made from the ulcerations or other lesions 
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and Stained With Giemsa or Wnghts stain The organism are encapsu 
laled and occur as either o\al or diplococcoid m form or as ver> short 
rods measuring ibout i s bj aji They are Gram negative Usuailj 
they are enclosed in large mononuclear cells but sometimes they may be 
found free in the preparation 

Fund and Greenblatt have employed silver stains for their demon 
stralion By silver impregnation methods they appear as dark brown 
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or black elongated ovoid masses ruth intense bipolar staining These 
organisms have been found in smears stained by Giemsas solution in 
from 6o to ^oper cent of the cases They are usually present m the active 
stages but in the true healing scars they are sometimes no longer present 
or demonstrable \ on llaatn (1940) has found them in every one of his 
cases m the active stages of the disease 

Clinically the disease must be distinguished from syphilitic ulcerations 
of the groin The absence of general gland involv ement and of secondary 





manifestations of S)’philis and the failure of antis>’philitic treatment are 
means of distinguishing the disease from syphilis In the laboratorj it 
maj be distinguished from this disease by the presence of Donovan organ 
isms and b> the absence of the ^\assc^tnann reaction In some respects 
It resembles lupus vulgaris, but it is not associated with the tubercle 
bacillus and there is an absence of giant cells and of tubercles and of 
caseation in the lesions 

Generally there should be no confusion with malignant disease 
However, Fund and Greenblatt have reported upon a fungating form 
affecting the cervix in negresses which may resemble the ulcerative and 
vegetative type of carcinoma of the cervix Its exmtree chronicity and 
the absence of cachena do not suggest a malignant nature in most cases 

Treatment 

Intravenous injections of tartar emetic were first employed m the 
treatment of granuloma inguinale in m Brazil by Aragao \ianna 
and de Souza Araugo This work was soon confirmed by Breml and 
Priestly in the treatment of a case m Australia The value of the 
drug in the treatment of this affection would appear to be undoubted 
It IS also recommended to apply locally compresses soaked with H 
cent of tartar emetic Some observers recommend the application of 
an ointment containing i per cent tartar emetic left on for J hours and 
then wiped off and boric acid ointment applied Intermittent cleansing 
with eusol solution is advisable Touching of exuberant granulations 
with silver nitrate sometimes promotes healing Among mote recent 
authors who have considered and emphasized the efficacy of antimon) 
m the treatment of the disease ate Randall Small and Belk Gage, Can 
opius, Schochet, Murdock Chopra (ipyb) Manson Bahr (i9to) and 
others 

DeVogel in the treatment of 57J cases in Dutch Guiana, reported that 
86 I per cent were cured after one scries of injections and iz 8 per cent 
after a second series V> hilc the total amount of antimony necessary for 
a complete cure vanes from case to case it has been roughly estimated 
between 17 and x8 gr However some advanced cases have required 
170 gr to complete the cure In the majonty of cases it is well to begin 
with a dose of 2 cc of a i per cent solution gradually increasing the 
dosage to 5-10 cc at daily intervals Kandall recommended intravenous 
injections of tnamide of antimony thtoglycolhc acid in 04 per cent 
solution, or sodium antimony thiogly collate m o 5 to r per cent solution 
Ten cases were successfully treated 

Occasionally however cases do not yield to antimony treatment 

Earle (1938) points out as a possible cause of antimony resistance that 
where the oedema fluid is rich in albumm the absorption of certain of the 
antimony compounds may be hindered so that the causative organisms of 
granuloma venereum are not reached at all In 5 cases of the disease in 
which 4 were resistant to antimony treatment the patients had apparently 
had previous lymphogranuloma inguinale infection and oedema of the 
infected areas 
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In certain instances in nhich secondary infection with nonhaemolytic 
anaerobic streptococcal infections have occurred as reported by Melenej 
he has recommended treatment with the standard preparations of zinc 
peroHde the active preparation being rubbed into the wound mired with 
distilled water to give a consistency of 40 per cent cream Also for the 
treatment of such cases sulfanilamide therapy has been recommended and 
Ross has recorded striking action of such treatment in limiting the spread 
of the lesions 

Since some patients do not tolerate tartar emetic well when it is given 
intravenously fouadin and tnvalent compounds of antimony may be 
employed and fouadin may be given intramuscularly and even sub 
cutaneously with very negligible local reactions The official dose is 
I 6 cc gradually increased to 5 cc every day or every alternate day 
and a total of 40-50 cc constitutes the complete treatment 

Surgical Treataent — Scrapings and the application of the actual 
cautery have been recommended Temporary improvement may be 
obtained but the infection usually reappears in the scar tissue Excision 
can usually only be successfully undertaken in the verv early stages follow 
mg which skin grafting may be advisable \ rays have been emploved in 
early cases with good results In other cases such treatment has pro 
duced no favorable effects 

Prevention — As th« disease is evidently spread by sexual contact 
prophylaxis depends upon the avoidance of sexual intercourse with native 
women liable to be or actually infected 

Rhtnosclerofna has been reported in most parts of the world but at the 
present time is more common ui many parts of the tropics It takes the 
form of spontaneous painless and very chronic inflammatory growths 
which may occur in any part of the respiratory passages from the nostrils 
even down to the hilum of the lung It has recently been noted in India 
by Rao and Menon where 6 cases were observed In 4 the characteristic 
histological changes were seen and the organism Bacillus or Rlebsiella 
Thinoscltromafts was present In i case the organism was isolated in 
culture Kuilman (1941) has also reported a case from West Java 

The most satisfactory treatment is marnly surgical Recently good 
results have been reported from x rays or radium 
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Chapter XXXEX 
CLIMATIC BUBO 

Synonjms —Tropical bubo, Ij mphogranuloma inguinale, poradenitis 
Nicholas Faw disease 

Definition — A specific infectious venereal disease characterized b\ a 
transient ptimarj lesion often undetected followed b> asubacutel>niph 
adenitis with eventual suppuration formation of fistulae and finallj 
cicatricial healing The suppurative state is usuallj accompanied b> 
fever and general constitutional disturbances It is due to a filtrable vnrus 

The name lymphogranuloma inguinale mav be confusing since it is 
so similar to that of another disease, granuloma inguinale which is an 
infection with an entirel> different eiiolog> Stannus (1933) proposed 
the name sixth venereal disease for IvmphograDuIojna inguinale to 
distinguish It from (i) s>-philis (2) gonorrhea (3) chancroid (4) Vincents 
infection of the genitalia (fusospirochaetosis) and (5) granuloma venereum 

A distinctive reaction known as Freis skin test enables us to group 
under climatic bubo various clinical states which nia> or nia> not show 
inguinal buboes 

History and Geographical Distnbulion — Sebeube first employed the 
term climatic bubo to a t>'pe of adenitis terminating in suppuration 
not uncommon in tropical countries Stitt (19JO) points out that naval 
surgeons of various countries have for roanv years observed and been 
mterested m its origin It seemed to affect particular!) the crews oi 
ships In earliei years it has been frequently confused with a mild infec 
tion known as ambulatory plague It has long been recognized m the 
Far East and in Africa among Furopean sailors Numerous reports of 
its occurrence in India China Malaya, Japan the Mediterranean the 
West Indies and South America have been made Finally its presence 
has been noted m Africa and especially in the Belgian Congo by Chester 
man (1938) Durand Nicholas and Favre (1913) reported upon the 
disease m France under the name lymphogranuloma ingumak It 
subsequently was found to be common m the United States chiefly among 
the colored population Cases have also been found to be not uncommon 
in England and m many parts of Europe Hanschell (1938) has observed 
130 cases in males m London in all of which the infection was acquired 
in the tropics or subtropics 

EtIOLOGY 

The Virus — The first definite evidence that the etiological agent is a 
filtrable virus w as reported by Hellerstrora and W assen who showed that 
the intracerebral injection of certain species of monkeys with material 

ittS 
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obtained from human l>mph nodes gave nse to a menmgo encephalitis 
which could be transmitted in senes after filtration through Berkefelt \ 
or Chamberlain Ls candles Later it mas shown that monkejs could be 
infected with the virus into the prepuce with subsequent enlargement of 
the inguinal lymph nodes Findlay (1936) also produced infection erperi 
mentally by placing the infected material on the scarified skin 

Le\aditi (1932) discovered that the virus of lymphogranuloma ingui 
nale can be transmitted to mice by mtracerebral inoculation \irulent 
strains give rise to cerebral symptoms in mice 2-4 days after injection 
In addition to the production of memugitis m monkeys and mice such 
infection has been produced in the cat and in a number of rodents Intra 
cerebral inoculation of guinea pigs results in meningitic lesions in only a 
small percentage of the animals 

It has been found possible by subcutaneous injection of lymphogranu 
loma inguinale material to produce buboes in the groins of guinea pigs 
but the infection tends to be a self limiting infection the swellings occur 
ring about 2 days after inoculation and remaining palpable only from 10-14 
days 

Reports have also been made of the isolation of the virus from inflamed 
rectal tissues and from an inflammatory condition of the colon byLevaditi 
(1935) It has also been transmitted to animaU from a case of con 
junctivitis by Levaditi (1936) and Pomhamm has isolated it from the 
cerebro spinal fluid in 2 cases 

In regard to thepresence of visibleorgamsmsin the virus Gav and Prieto 
(19 7) reported the presence of small cytoplasmic granules in the cells 
from inguinal buboes in or less in diameter and often occurring m small 
clumps These granules were also described and illustrated by Findlay 
1933 He suggested the possibility that they represented the virus This 
possibility has now been increased by the work of Mtyagawa and his 
colleagues (1936) and Findlay (1939) 

The granules m stained preparations appear either single m pairs or 
in short chains Sometimes arranged to form a circle Less commonly 
they appear in dense dumps comprising hundreds of minute bodies The 
dimensions of the virus as shown by filtration through graded colodion 
membranes are similar to those of vaccmia virus namely o 12511 to o 175^ 
(Miyagawa 1935 Broom and Findlay 1936) The virus has been 
cultivated upon the chonoalantoic membrane in tissue culture (Miva 
gawa) Tamura (1934) by using Tyrodes solution with sterile animal 
tissue also reports cultivation of the VITUS Original cultures were made 
from filtrates from gland pus and repeated transfers made successfully 
He noted that the cultural antigen gave as marked reaction as that of 
Frei He also used this heated antigen therapeutically (See Chapter 
for classification of this organism ) 

Patholocv 

The swollen glands at first may be just palpable Later they some 
times become the size of a hen s egg At first the glands are discrete and 
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not attached to the skin Later on periadenitis mij occur and they may 
become firmly attached to the surrounding tissues by inflammatory 
e-rudate The overlynng skin is intact as a rule but at times a soft center 
may be felt in the otherwise hard gland and there mav be much oedema 
of the surrounding tissues sometimes resulting in elephantiasis knabe 
has reported an instance in which there was rupture from a lympho 
granulomatous suppurating area into the urinary bladder 

The most striking histological appearance m sections of the early 
buboes consist of minute inflammatory foci scattered through the gland 
substance m w hich ly mphocy les and later endothelial phagocy tes plasma 
cells and eosinophiles ate abundant Still later, polymorpholeucocytes 
predominate and small abscesses form and necrosis of the glandular struc 
ture occurs At the periphery there mai be noted haemorrhagic infiltra 
tions and oedema in the region of the peripheral sinuses with formation 
of fibroblasts fibrous connective tissue, and a few giant cells In some 
instances, when an incision is made into the center of these glands a visible 
necrotic area is found Cultures prepared on bacteriological media under 
aseptic Conditions from the necrosed areas remain sterile In many 
instances considerable pus is gradually formed within the gland although 
the skm abo\e remains unbroken 

The infection spreads by the lymphatics to the deeper glands especially 
in the female, from the lagina and the anterior part of the vulva andirom 
these localities posteriorly to the rectum resulting m the gemto ano rectal 
svndrome sometimes vith ulceration Fistulous tracts may form from 
which there etudes much clear sticky mucous fluid Finally, sclerosis 
of the gland tissue may occur leading to rectal stricture 

Stained microscopical preparations of the discharge, or of sections of 
the buboes reveal that m the mononuclear or polymorphonuclear cells 
there are minute particles \\ ith Ciemsa s slain the larger ones take on a 
purplish tint while with Casteneda s stain they assume a reddish purple 
tinge Larger and smaller forms of the virus particles have been demon 
slrated evtracellularly forming compact, colony like masses The larger 
forms hav e been observed in considerable numbers chiefly within 24 hours 
of intracerebral inoculation of animals These virus particles were first 
noticed m the cells from inguinal buboes by Gay and Pneto m 1927 and 
by Findlay m 1933 Finally Miyagawi (1938) has brought forth a.ddi 
tionil evidence that they represent virus particles 

Clinical Observations 

The disease is much more common in males than in females Children 
have not been reported to suffer from it Ly mphogranuloma inguinale 
in the male is usually characterized by inguinal adenitis Later elephanti 
asis of the genitals may occur and rectal stricture is not rare In the 
female the characteristic lesions are eslhiomene, chronic ulceration of the 
vulva perineum anus and rectum fistula formation and rectal stricture 
their combination forming a gemto ano rectal syndrome 
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Tte Frei test has enabled us to group and recognize as forms of climatic 
bubo both the inguinal buboes so common in males and esthiomene 
{\ulvar elephantiasis) and the gemto ano rectal syndrome of females 
Inguinal adenitis in the female is relatitel) rare but does occur In 
man the initial infection is usually of the coronal sulcus and extends by 
the penile lymphatics into the inguinal glands and thence sometimes to 
the deep iliac glands The latter usuaUy do not suppurate The intra 
pehic glands howe\er are rarely involved in the male In the female 
the intrapelvic glands are the ones usually involved and this leads to 
perisalpingitis peri rectal infection andsubsequent rectal stricture The 
variation in form of the disease according to sex is particularly the result 
of conditions regarding the site of the inoculation and m the distribution 
of the lymphatic drainage as the infection extends almost entirely by the 
Ivrophatics 

Vander \eer et al (19^5) in 47 cases noted 21 cases of rectal stnc 
ture — all in the female and only 3 of these m the white race The 
common location of the stricture was from 3-5 cm from the external 
sphincter In the Ftei testing of prostitutes there may be obtained posi 
tive reactions m the absence of clinical signs in a small percentage of cases 

It has been stated by some observers that climatic bubo appears 
without an initial lesion as is recognized for chancroidal or gonorrheal 
buboes But the present view is that there is a primary sore which 
may even resemble a chancre or be so small beneath the prepuce as 
not to be detected Hanschell (193S) emphasizes that the primary 
lesion is frequently undetected In bis 1^0 cases in the male it was 
observed m only 4 The lesion when it does occur has been described 
as a papule vesicle nodule or small ulcer In some instances it has been 
repotted to appear trom 3-5 days after coitus and is generally painless 
In many cases it disappears in 7-8 days In Hanschell s cases however 
the primary lesions were still present from 14-21 days after their hrst 
appearance The swelling of the groin is usually noticed by the patient 
in from 1-3 weeks after the infecting coitus Hanschell believes that the 
primary lesion of the womans vagina probably persists for a much 
longer time than it does in the male Chcsterman (1938) found 
the primary lesion in women generally to be an ulcer on the labia or 
\ estibule 

The disease has been divided roi^hly into 3 stages the primary one 
including the incubation period extendmg from the time of infection and 
appearance of the primary lesion up to the symptoms pointing to infection 
of the lymphatic glands The secondary stage representing the definite 
infection and swelling of such glands In the male it is especially the 
inguinal glands which become invcdved In the female the most usual 
early signs are of perirectal and retroperitoneal gland involvement and 
may not be noticed by the woman In the groin the lesions m men and 
which are occasionally encountered m women in China Japan and France 
are characterized by stiffness and pain and swelling The inflammation 
may be unilateral or bilateral In some mstances one groin is invaded 
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after the other The reaction may subside without suppuration Hov, 
ever, the glands often suppurate and multiple areas of softening occur 
followed by the production of tnany fistulae The deep iliac glands also 
often shoH an increase in size and sometimes the lumbar ones, but with the 
exception of several cases m which the point of infection has been extra 
genital the glands of other parts of the body , as the axillary and cervical 
have not been involved 

In a large number of cases the adenitis is accompanied by consti 
tutional symptoms such as chills sweats, fever, prostration anorexia, 
nausea and vomiting pains of the chest and muscles stiffness of the nech 
headache cpistaxis and frequently bronchitis The discharge of pus, or 
suppuration of new glands may continue for a few weeks to many months 
or longer In such cases the fever may be high and undulating or 
typhoidal in character, and may persist for weeks as new nodes are 
involved In some cases skin rashes have been reported at times scaria 
tmiform or resembling those of erythema multiformc Conjunctivitis and 
peripapillary oedema of the eyebrows have also been observed In some 
instances rheumatic like pams and painful effusions may occur m the larger 
joints during the py rexial stages of tropical bubo Healing of the inguinal 
glands when it eventually occurs after several weeks, or m some instances 
months, gives rise to extensive formation of scar tissue 

The tertiary stage of the disease is characterized by chronic ulcerations 
the formation of fistulae and of rectal stricture In the female, it is not 
uncommon for the ulceration to give rise to a cloaca between the vagina 
and the rectum Genital elephantiasis, particularly of the labia and 
vuh'fl or penis and scrotum as a result of blocking of the lymphatics may 
also occur In 3 out of 6 cases m women Chesterman (1938) observed 
anal vaginal hstulae During the tertiary stage death may occur from 
secondary infections 

Some observers have been doubtful as to whether all cases in which 
there has been a genito ano rectal syndrome or stricture of the rectum are 
cases of climatic bubo However Frei found that 80 per cent of such 
cases that he observed gave a positive skm test 

Extra genital infections have been recorded in a few instances Curth 
has reported a primary infection of the tongue and lip followed by glandu 
lar enlargements in the neck while Ilellcrstrom has observed an infeution 
in the glands of the axilla and I^pinay and Grevin have described a 
pnmary infection of the foot Hanschell (1938) has also reported an 
infection of the finger with the virus with subsequent adenitis of the 
epitrochlear and axillary glands 

A number of human cases have been reported with symptoms of 
meningitic involvement which is not surpnsmg m view of the fact that a 
fatal meningitis may be produced by the inoculation of the virus into 
animals Chevalier and Barnard (1932) have reported chronic menm 
gismus m a woman with lymphogranuloma inguinale the cerebro spinal 
fluid showed the presence of an excessive number of cells and considerable 
albumin and gave a positive Frei reaction when injected iniradermally 
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Two other somewhat similar cases have also been reported and Rajara 
(1936) has recorded a fatal case of meningitis in which the cerebro spinal 
fluid also gave a positive Frei test on mtraderraal injection David and 
Lormg {1935) observed epileptiform convulsions m a patient with ano 
rectal lesions which had extended to the colon It therefore w ould appear 
that just as in experimental animals the virus may also sometimes invade 
the human central nervous system 

Blood — Examinations of the blood have hown that there may be 
characteristic biochemical changes such as a decrease in the lipin content 
and an increase in the percentage of free cholesterol (Rosen and hi asso 
ciates 1937) Williams and Gutman (1936) have reported a h>'per 
proteinaemia with an increase in the globulin and decrease in the albumin 
content of the serum When the glands suppurate there is usually a 
leucocytosis 

Diagnosis 

The disease must be differentiated from ulcerating granuloma (vene 
real bubo) chancroidal and syphilitic buboes and from the ambulant 
iorm 0! mild plague In Hongkong m eatbei >ears the infection was 
frequently termed pcstis minor 

Plague buboes ate usually exquisitelv tender and the patient usually 
manifests signs of illnes which are often extreme Puncture of the bubo 
if the case is one of plague will reveal Bacillus pestis The glands in 
climatic bubo are not exquisitely tender In svphilis the glands are 
generally harder and the enlargement of the glands is usually general 
The redness overlying the skin should usually differentiate the other 
venereal buboes In the case of granuloma venereum Donovan bodies 
are present 

More accurate diagnosis however may be determined by the follow 
ing laboratory tests 

Diagnosis by the Frei Reaction — Frei (tq 5) described an antigen 
prepared from the clear and sterilized pus of unruptured buboes of ly mpho 
granuloma inguinale The antigen is made by diluting material aspirated 
from buboes or an emulsion of infected mouse brain with 7 to 8 parts of 
saline The mixture is heated at 60 C for 90 minutes and on the succeed 
mg dav for i hour at 60 C 

The allergic state develops in from 2 to 4 weeks after the appearance 
of the bubo The skin test is most marked after 24 to 48 hours and 
persi ts for s to 10 days Some observers read the reaction after 2 davs 
It ranges from redness with or without induration to vesicle formation 
and fhe formation of a nodule About o i cc is injected mtracutaneousiy 
in the forearm — a saline control on the other side is advisable \ ander 
Veer considers the Frei test is best read after 4 to 5 days Non apeafic 
reactions usually subside after this interval A positive result con ists of 
the development of an inflammatory papule or nodule at least o 5 cm 
in diameter often with the appearance of a peripheral erythema and 
sometimes a central pustule persisting for from 3 to 10 days 
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In regard to the Fret test, Wasseo (1935) m human cases espen 
menially infected, found that the test may become positive in 6-13 days 
after infection and may remain positive in some cases for a year and id 
cases involving the rectun it persisted several vear> 

Hanschell obtained a reaction m a case sr days after exposure to 
infection and found that it might persist foe months In one of his cases 
he found u vvas still present j» months after discharge from the hospital 
However in 3 of his cases a negative result that is an erythema only, 
was obtained t-^o davs after eaposute but later, 42-51 davs after mfec 
lion the same antigen gave pt«)ttve results that is erythema and nodules 
Frei (1938) states that on account 0/ the possibihty of generalired 
or local reactions, it is not advisable to make the test in peracute stag s 
of the disease, or in cases in which suppuration occurs near the penneum 
?<eIson (1939) points out that the positive test is not proof of disease 
activity for the lest may remain positive for years after healing Accord 
ing to Frei, it may be negative m the early stages but will be positive in 
95 per cent of the cases with bubo and 90 pet cent of ulcerative elephanti 
a 18 In the early stages if the test is negative pus from the patient 
injected into a known case of Ivmphogranuloaa produces a positive test 
but Frei advises caution in the use of this inverted test because of false 
leatlions Since only pus from untupluTtd buboes mav bt used it » 
often difficult to secure the antigen Therefore many investigators have 
attempted to produce antigens through inoculation of many animals 
as mice rabbits guinea pigs monkeys dogs and goats 

Since mice are very susceptible to the virus by brain passage the 
antigen has been especially prepared from the brains of such mice The 
difficulty m the use of these animals bes in the fact that the virus cannot 
be easily standardized nor is it known just how Jong a remains active 
Grace and Suskind (1956) have reported a method of standardizing 
mouse brain antigen so that it is as reliable as the Frei antigen The 
virulence of the virus increases on mouse brain passage and with this 
increase the antigenic power is enhanced Slice weighing 0 Gm were 
inoculated with a uspension of virus of a virulence sufficient to kill from 
85 to roo% of the mice in from 5 to 7 days The brain of such a dvjng 
mouse was emulsified in sterile saline m such an amount that the heated 
product produced a papvh not Uss than 7 ww tn dtamtter m an infected 
man Using the eighty eighth pas age of the virus they found that 
o r cc of 3 I in 13 dilution gave a papule varying from 7 to lo mm m 
diameter WTien unstandardized mouse brain antigen was first u ed 
there were reports of reactions with th^ brains of normal mice as well as 
of those containing virus but these reactions of normal mou e brain did not 
give rise to a papule exceeding 5 mm The products of tissue disintegra 
tion whether tn normal mouse brain or non specific pus arc capable of 
producing a reaction on mtraderroal inoculation but not equal to that of 
a virus containing material 

There is however great differena. of opinion at the present tune as 
to the specificity and value of the mouse antigen for diagnosis Uffiilc 
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some have believed it specific Strans and Howard (1936) and Brinkle> 
and Love obtained falselj positive and doubtful reactions The> also 
secured false positive reactions with normal mouse brain 

Findlay points out that a negative reaction with mouse virus may be 
due not to absence of infection in the mdmdual but to failure of antigenic 
potency m the material injected 

Occasionally when the mtradermal injection of o i cc of the antigen 
IS negative th< injection of o 3 cc may produce a positive result 

Findlay has found if the antigen is filtered through a Berkefeld V 
filter the filtrate is still capable of pioduang a positive reaction but pas 
sage through a Seitz K. filter which removes the greater number of ele 
mentary bodies also greatly reduces or usually inhibits the antigenic 
capacity of the filtrate 

Rake and ‘Chaffer ( 940) have p epared inactivated suspens ons of elementa > 
bod es denved !r m the yoty acandsep ated from tissue const tuents by differtrit 
cent (ugal on and such suspensons ba « been successfully employed a antigens fo 
the Fre test and fat the demonstrat on of complem t tiv ng properties m the serum of 
persons infected \>ith the virus the latter te t susp ns 0 s of irus from mouse lu g 
have a 1 ) been used They ats obtained such eact ns with Seitz EK di c filtrates 
a d suggest the ant ge may be present in tb soluble state bultun et si (194 ) have 
al eport d a new method in the prepa at on of an antigen which is said to g v 
reliable results 

Nig and Dowser (194J) bel eve that the complement tuiing ant gens a e enhanced 
by t eating the suspensions n ih | henol and subjecting them to bo I g temperature 
Th s type of ant gen s sa d to rule out at lea t some of the nonspec fic reactions \ hich 
occur u\ eatly t>pK\l 

Smadel NVertman and Reagen have found that it is imp) sible to dilTe e t at 
sha ply between human ps tt cos nd lyiuphogranulomaby means of se olog cal te ts 
thoughini me n t ces it is possible to establish tbata given acute illn ss seaused 
by a member of this group of viruses 

if nscbell has carried out the cont I ntradermal test al ays m connection with 
the Dmelcos ch nc oid vacc e In arious forms of enereal disease other than cli 
matic bubo he only btained negative reactions with the viru of chmat 0 b b 
However in some of his eases of climatic bubo the antigen hasg ven epeatedly negative 
t suits and the efo e he believes that no edetsh Idbegive n the esult of the skm 
test lone and Chat i negat e tab uid be repeate { 

Several othet tests have beca described Eor diagnosis The Wassen 
test consists of the production of a fatal eacephahtis in imee by inoculation 
of the virus Another intracerebral test m mice has been employed in 
which a mixture of one part of a 10 per cent suspension of infected mouse 
brain and two parts of the serum to be tested is inoculated intracerebrally 
into mice in doses of o 3 cc A control batch of mice is similarly inocu 
lated with a mixture of normal serum and infected mouse brain ith an 
active virus the mice injected with virus and normal serum should develop 
symptoms in from 5-10 day 


Tkeatuznt 

Treatment of the disease IS often not satisfactory However in mild 
cases there may be a rapid subsidence of the buboes after a few days rest 
in bed with no other treatment In some cases wet compresses and light 
mercunal ointment inunctions over the bubo at lught have apparently 
been of value In the early stages of the infection the inflamed gland if 
discrete may be excised Manson Bahr has reported notable success by 
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Such a procedure In cases m which there is fluctuation of the bubo 
indicating pus Hanschell recommends that the bubo should be aspirated 
and the puncture then sealed with all aseptic care Aspiration may have 
to be repeated on several occasions TTie bubo should not be incised 
He advises especially m these cases protein shock therapy with tj'phoid 
or paratyphoid vaccine Manson Bahr has also employed such treat 
ment commencing with 50,000000 given by the intravenous route and 
gradually increasing to soooooooo or 300 000000 the injection being 
giveneverj thirdday He found that two or three reactions were usually 
required before the buboes dried up and the surrounding induration dis 
appeared Treatment should be combined always with rest m bed and 
with antiphlogistin dressings Hanschell reports that by the intravenous 
injections of such typhoid vaccines no other treatment was given in 83 
per cent of his cases and after 4-6 weeks the patients were discharged 
In the remaining 15 per cent operation was advisable consisting of 
etcision of the aflected glands He points out that there may be difS 
culties in the operation and that the glands arc often adherent to the 
spematic cord femoral vein and the external iliac vein 

With reference to surgical procedures m advanced cases there is 
danger of the further spread of the infection through the lymphatics and 
mosions mto suppurating sinuses or the removal of large masses of 
lymphatic tissues may be very dangerous Often excision of the mass 
when suppuration is present is not followed by clean and rapid healing 

Vaccine Therapy —An attempt has been made to prepare a specific 
vaccine by exasing portions of the affected glands w hich have been cut up 
into small pieces dehydrated over calcium chloride and suspended in 
saline solution The suspension has been injected m increasing doses 
every second day No reliable reports have so far been made of the value 
of this method Bercovitz has advocated intensive treatment by sub 
cutaneous injections of Frci antigen However, he reports improvement 
was very slow 

Drug Treatment — Hanschell states that there is no satisfactory evi 
dence that any drug has any effect on the disease Intrav enous injections 
of tartar emetic have been employed for some years Wolf and Van Cleve 
(1932) reported the best results with a i per cent solution of antimony 
potassium tartrate given intravenously twice a week From 10-15 
of from 5-10 cc have been employed Others have employed the penta 
valent compounds of antimony as stibenyl and stibosan Solganal 
either intramuscularly or intravenously has been recommended and 
employed extensively in Germany However recent clinical and experi 
mental observations in the treatment of diseased conditions with gold 
salts have emphasized their toxicity and the dangers from their use 
Hartfall Garland and Golvid (1937) in a review of 900 patients with 
rheumatoid arthritis treated with gold salts found that 40 per cent show ed 
toxic effects Deaths from the use of such compounds have been reported 
bv Goldhammer (193s) and Anderson and Palmer (1940) and there is no 
soecific antidote known for such cases of poisoning In view of these 
reports and of the toxic effects of the drug on experimental animals such 
treatment must he recognized at least as dangerous although several 
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clinicians still advocate its use ra the treatment of arthritis Moreover 
Manson Bahr states that he has had bttle success with this method 
Treatment of Rectal Stncture — ^Bensaude and Lambhng behev e that 
diathermic dilatation is the best method of treatment applied for 20 
minutes over a or 3 dajs from 10 to xa appbcations Oil soluble local 
anaesthetics such as proctocain are recommended for post opera tiv e rectal 
pain Medicinal treatment of rectal stricture esthiomene consists 
especially of injecting antiseptic solutions to aid in curmg the ulceration 
Several observers have reported success by the introduction of sulfanila 
nudes It is not entirely clear that the virus of lymphogranuloma ma> be 
destroyed by sulfanilamide but in cases of bacterial infection of the 
lesions particularly with streptococcus Iheit use obviously may be of 
value Shropshear has reported success with sulfamlamide in doses of 
agramsdaily for isdajs with a 7-10 day interval when the course should 
be repeated Two patients required to8 grams in two 15 day treat 
ments before the symptoms disappeared C M Morgan (1939) has also 
reported good residts in the healing of the rectal ulcers with protocsil 
Rodaniche ( 94^) hii found that tbe v rus in (b« brains of mice is ot k 11 d by 
sulfonamidss but h« v^as not able t r«c er it from tbe spleens of tb m jo ty of cas 
t eated However mo reel orkbv Crate Co lelloand Cohe BadtandCren 
bl tt has emph s d tbe value of tbe sulf n m de drugs Sulfatb as I has been 
thouglttog e the best result sulfanilamd ha 1 « caus d many toxic reactions It 
i sail that sulfatbazul usually cau es tbe regres ion of tbe inguinal ademti and 
suppu ative and nonsuppu at e les ns within a period of approximately 5 weeks 
The t atment of th an eetal d sease 1 u uallv less satisfactory 

Fein a d Be chenko ( 9431 ob erved ab cas s n ou \ my n 6 m nth t St t n 
h spital m India In 6 of thei cas ne cou se of o al sulf lamide was found to be 
d quat to produce a u e 

La { 94J1 n the t o p >n West Mnca ha observed no cases jj 1 Tvi opeans 
He eirphasires the mpottance of 1 atm nt ih nt no y compound pc IK w th 
\nthomaline (lithium ant m y ta Irate thiomalate) adm stered nt amuscula Iv 
and massa ed nt th butt ck Intramuscular injections were gi en 2 to times 
H cUy commen mg with a dote of o 5 cc nptosoc V maximum total of o mjec 
lion may be given but usually nK about o nject ns w e required In some seve e 
case mtra e d um antimony tartrate was empi yed He de d th 

result super! r to the mass e do I sulfapy adine which ha e been recomn ended as 
som times n c ssa y and eroi basizes tbe imp tt e <rf early treatment bef re ulcer 
t n and fi tuUe have occurred None of the cas s treated e ly qu re 1 u g cal 
interference Whenulceat occ rred the e c treated yyith sulfanilamide s i ne 
p cks and hot foment tiors 

Treatment with ultra violet rays and radiant heat have apparently 
proved of little value Operative measures depend especially upon 
the character of the lesions and the Isrpe of stricture present In some 
instances excision of the stncture of the rectum and even colostomy 
have been recommended 

Retxkences 

BinWey C W Lo e W R Sebwart* W P H Ich J II Margard G A Mouse 
b nlymihogranulomavenereumantigen Anh Dermal Sr Syph 383831938 
B m J C iFndtay G M Expenme tson the ffltral On of climatic bubo (lympho 
granuloma ingu nale) virus through gradocol membranes British Jl Exp 
P 17 135 1936 

Stannu (1942) has also found nj cu ns 


f anth om line efQcacious 
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DISEASES OF RARE OCCURRENCE OR OF DOUBTFUL 
ORIGIN 

Sascosporidio&is 

Sarcospondia are a group of muscle infabiting spore fornung proto 
zoa the affiiuties of which are unknown The species have been placed 
in a single genus {ScrcocysUi) They are parasitic within the striated 
muscle fibres of many mammals (especial]} pigs mit-e sheep cattle and 
horses) and occasionally of buds 
The sarcoc}st8 (Miescher tubes) 
are elongated tubular bodies which 
distend the muscle fibers and may 
reach a length of i6 mm Tbe 
tubes are subdiv ided into numerous 
chambers which are filled with 
sickle or oval shaped spores 
(Rame} s corpuscles) ^ to s$n long 
and 3 to 4>i wide There is an 
enveloping capsule for the sarcocyst 
which may show striations The 
life history is unknown Mice can 
be infected by feeding them the 
spores Heavy infections may be 
fatal especially to mice but light m ( 

infections ace harmless In some 
places more than 50 per cent of the 
sheep and pigs may show infection 
The parasite of sheep has been 
named Scrcaoslis tenella that of 
the ox 5 blanchardt that of the 
mouse 5 miirii 

Pfeiffer (i8gi) found that a powerful toxin which in small doses would 
kill rabbits was secreted by Sarcoeystis mint He believed it was through 
this means that the parasite was able to penetrate the intestinal epi 
thelium of the mouse its normal host 

The parasite has been rarely found in man there being only 10 appar 
ently authentic cases reported Ihc first of these was reported b\ Linde 
mann (186S) Two were reported by parling (1909 1912) one by 
Lambert (1927) and one by Feng (193a) Ilertig (1934) also reported a 
case m a child in which an organism found in the tissues appeared to be 
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best classified as Sa^'cacistts m which there also was a bacterial infectioD 
witii a coccus * 

The human parasite has been designated as 5 Undemannt It is 
perhaps identical with one of the Sarcosportdta found in mammals 
While the exact method of transmission of the parasite is unknown 
as the mouse can be infected by feeding it the faeces of other imee infected 
with S muris it has been suggested that man becomes infected b> food 
or drink contaminated with the faeces containing the parasite The 
use of infected meat according to the reports seems to have no injurious 
efTects Probably the human infections are accidental 

Diagnosis has been made bj the finding of the Jfeischer tubes in 
sections of the muscle No specific treatment is known 

Craig (1940) points out there is little reason to regard the sarcosporidia 
as Protozoa, and it is much more probable that thej belong to the Fungi 

Toxoplasmosis 

Toxoplasma was the term applied by Nicolle and Manceaux (190S) 
to a protozoan observed m a North African rodent the gundi (Cteno 
dactjlus gundi) They named the parasite Toxoplasma gondu They 
believed it was distinct from Letshmama Splendore (ipeS) in Brazil 
reported a similar organism as present m the rabbit Both these parasites 
were inoculable into pigeons Shortly before Laveran (1900) reporteda 
similar parasite m sparrow s There have been reports since of the natural 
occurrence of a similar organism in a large number of animals as wild 
birds and pigeons the rabbit guinea pig mouse rat squirrel dog and 
monkey m many parts of the world, the diagnosis being based on the 
morphology of the organism found 

Sabin and Olitsky (1937) described the organism in North America 
as observed m guinea pigs They isolated and maintained a highly 
pathogenic strain from this animal and found that 

(1) The strainwaspa(hog«n>cforzuiQea pigs mice rabbits rhesus monkeys xbich 
and chickens (a) multiplication was possible only within living cells which included 
not only monocytes and endothelial cells but practically every type of parenchymal 
cell (liver adrenals lung brain) (3) infection could be effected experimentally by the 
intracutaneous subcutaneous intracerebral intravenous mtranisal and oral routes 
and contact infection studied in mice occurred only when small numb rs of starved 
animal were allowed to feed on others recently dead of the erpenmental disease 
(4) neutraUzrng antibodies which could be used not only as an index of infection but 
also as a means for identifying roxeflasma developed during the course of the disease 
in some animals (rhesus monkeys) but not in others (rabbits) 

The orgamsm was reported to consist of distinct cytoplasm and 
nuclear chromatin and was crescentic pynform ovalorround measuring 
6-7M in length and 2-44 m width depending on the stage of development 
as seen in fresh cover slip preparations or m stained films In fixed 
tissue sections they were not only smaller but also appeared different 
because of the shrinkage of the cytoplasm and nucleus The chief 
taxonomic characteristic of the group however was the capacity to 
Gilmore Kesn and Posey (194a) have reported the twelfth case in which the 

parasites were found in the heart {Am Jt Trop Med as tax 194a) 
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multiply and produce disease m a wide range ol hosts including mammals 
and birds 

Toxoplasma has been reported on a number of occasions as causing 
disease in man but with inadequate and inconclusive critena 

CaAtellitii described bodies which he believed to be Toxoplasma in smears of the 
blood and spleen of a 14 year old boy from Ceylon who d ed of a disease characte ued 
by severe anaemia prolo ged fever and splenomegaly Fedorovitcb found bodes 
similar to those reported by Castellam in blood smears of a o year old bo} from the 
Black Sea di trict who also had prolonged fever anaemia and splenome ily Chal 
mers and Kamar also reported bodies similar to those of Castellam in a film of the 
spleen of a soldier in the Sudan who along with many others suffered chiefiy from 
chronic fever headache cough anddarrhoea 

Wenjon (igjfi) doubts the reports of the human infections related 
above and sajs that it is perfedlj clear m at least some of the instances 
that no such parasite as Toxoplasma etisted He points out that vege 
table tells will often give ii»e to similar picluies and that such cells 
COCCI or bacilli have been reported as toxoplasma and that such organisms 
ma> have invaded the body from the intestine after death 

Wolf and Cowen (1937) have reported a case of congenital granu 
lomatous encephalomyelitis in an infant who died at 39 da^s of age 
They repotted parasites found with ease in the sections of the nervous 
system They were smaller in size than those recorded for Toxoplasma 
and they named the organism Enctphaltlo oon hominis Sic other Toro 
plasma infections have been reported m infants In the case reported 
by Wolf Cowen and Paige (1939) the parasite obtained was apparently 
simiUr to that found by Sabin and OlitsLy 

Sabin (1941) has aUo reported 2 cases of atypical encephalitis occurring 
in boys 6 and 8 years of age Toxoplasma was obtained in one and sug 
gestecl evidence in the other The chief pathologic change found in the 
nervous system only after many sections from various regions had been 
searched consisted of microscopic necrotic and granulomatous foci in the 
vicinity in which it was occasionally possible to find structures morpho 
logically similar to Toxoplasma Intracerebral and intra abdominal 
inoculation of fresh brain suspension produced toxoplastic infection m 
S of 8 mice 

Pinkerton and Henderson (1941) have reported 2 cases of an acute 
febrile exanthcmatic disease m which the gross and microscopic appear 
ances were remarkably similar to those of typhus and spotted fever 
They point out that the clmical features of the disease in their two cases 
had almost nothing m common with those of the previously described 
cases of neonatal infection with Toxo^asma their cases being essentially 
those of an acute febrile exanlhematic disease with atypical pulmonary 
involvement and m fatal cases death from respiratory embarrassment 
In one of these cases the bronchioles contained macrophages distended 
with the organisms while in the other case a massive infection of the 
myocardial fibers with the parasite was seen although the invaded fibers 
were not numerous and were unaccompaiued by cellular infiltration 
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They were not present in all sections of the myocardium however ard 
m the first case only one invaded heart muscle fiber was found after 
prolonged earch They say that staining of the organisms in the cyto 
plasm of cells requires further study In many apparently well stained 
sections, the organisms appeared as homogeneous spherical eosinophilic 
bodies which could easily have been mistaken for colloid droplets or 
other structures of a nonspecihc nature, while in other sections from the 
same paraffin bloch stained somewhat differently iheit structural detail 
was clearly visible 

In a study of human cases where the diagnosis has rested particular!) 
upon the inoculation of the animal and the finding of loro^lasma subse 
quently in the animal, Pinkerton has pointed out the danger of causing a 
prior latent infection with Totoptatma to develop in the animal which 
was not demonstrable before 

Pinkerton and tVemman (1940) haveftieoreporlrd snolbercare wliieb they described 
aa Toxoplasma infection in a Peruvian Iloweser this patient was also afflicted wUb 
CortoKello infection and had been given tnlravenous loiectioss for tteataent and at 
autopsy a secondary bactetul infection with cocci had occurred which wa» demon 
strated both by films and by cultures 

A* has been noted orgini m identical with rors/iiitna have been found to be 
very common in wild birds but whether all the forms morphologicall) resembim* few 
fi jjwj really ate uch hat been questioned At present it is controversial as to 
whether certain forms which have been described in nalana infected birds are Tmo 
plasma or species of Plasm dtum Manwell (1939) has emphasised the difflcuh) of 
distinguishing between exoervthrocytic schisonts in bird malaria and developmental 
forms of ToxopUsma The nature of at least some <( the ertanismsreportediubuman 
esses as Taxaplxtma is not enlirel> c ear nor has their relilionship to protoxjj fonp 
or bactena yet been ctearl) demonstrated 

Perrin (1943) has studied the pathology of espenmcntal infections vn animals and 
Ueinman (1944) base pcctali) studied the chronic infection in animats and he report* 
that eulfap) ridine is strikingly succcs ful in curing acute infections in mice 
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Ohvaui 

Onjalaiis a disease which has occurred »n parts of west east and south 
Africa and is of obscure ongin It is characterized b> the appearance 
of blood distended \esicles of the mucous membranes of the cheeks and 
hard palate The tongue is often swollen The skin may show haemor 
rhages and haematuria maj be present The blebs m the mouth may 
vary in size from i- cm A study of the blood shows that there may 
be some anaemia and in the fatal cases there is a sudden drop in the red 
blood corpuscles shortly before death There is a marked decrease in the 
number of blood platelets The blood shows a normal coagulation time 
but there is usually a piolongation of the bleeding time Theie may be 
some fe\er The disease usually engenders fear in the African natives m 
the districts w here it occurs owing to its sudden onset and high mortality 

Wellman repotted its occurrence m West Africa in 1^4 In Northern Rhodesia 
W allace reports the disease IS called Chilopa or Akcoibe (bleeding disease) while 
m the Congo it is known as Kafindo Wallace in No them Rhodesia observed 15 
eases annually The onset was sudden and the ea ly symptoms \ ere lassitude general 
dullness and suffusion of the conjunct vae with fever 03 ro4 F followed by the wide 
spread hemorrhages 

Bla kie (1937) notes that it occurs in Angola and Portuguese West Africa Lual ba 
River and near Mt Kenya as aell as m tbe Rbodesias He studied 7 cases one of 
which was fatal The reduction of tbe red cells was rap d and was ascribed to loss of 
blood from mucous membranes and haeniorrhagici nfiltration of t ssues and organs 
The anaemia was of tbe normal achroraic type as met with generally after severe acute 
haemorrha e There was a remarkable reducUoo of Ih circulating platelets at the 
onset these being reduced from the no mat range of 130 soe to 500 000 per emn to 
between so 000 and even less than t 000 With tbs there was associated a marked 
prolongation of tbe bleeding time Shelley (1938) has reported a case fr m Southern 
rhodesu where the man had been working in the ni es tot d years lie w s of p or 
physique There were haemorrhagic sesicles on the muco a of the cheeks and soft 
palate and beneath the epitbehuin of tbe tongue One was as la ge as t X inch 
The gums were soft and spongy Tbe red cell numbered 3 460 000 There were a 
few normoblasts The whte cells were 6000 the platelets 170000 pet emm the 
reticulocytes 1 5 per cent the haemoglobin 6$ per cent The bleedm^ tune was 
Olu minutes or nearly 4 times norioal and tbe dotting time 4 minutes 

Gear (1938) has reported 7 cases occumng in South Africa 3 ended 
fatally Among the patients was one woman and the ages ranged betw een 
20 and 40 years Symptoms were practically the same in all sudden 
onset with feeling of lassitude then soreness of the tongue gums and 
buccal mucosa with rapid formation of blool blisters and profuse 
haemorrhage from the mouth nose and blood filled blebs or petecfaiae 
on the surface of the body He notes that passage of blood m the urine 
and faeces may also occur 

In Gears c ses the blood filled buUae varied in size from that of a pea to inches 
m diameter In some cases the eyes and face are suffused and snolleo and the parot d 
glands enlarged and tend r Treatment by haem stal cs is of little avail The 
anaemia m severe cases is usually pr found and m fatal cases death may t ke place 
within a week 

At autop y all (he organs nd tissues show petech ae In one of the cases reported 
by Gear (1938) a Urge ce brat haemorrhage was the immediate cause of death Retro 
peritoneal and penre 1 haemor hages a d haemorrhagic broncho pneumo la are 
common Gear rep ts also that the spleen may be a little enlarged and fn ble He 
found that generally there is but little ebange from norm 1 m tbe number of erythrocytes 
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or leucocytes but m fatal cases naturally there was a severe drop m the fonnet the 
color index varied from o 8^ to o 98 m those who recovered 

The bleeding time tv as prolonged m his cases, but the coagulation time 
show ed little if any departure from the normal The chief charactenstic 
was marked reduction and almost complete absence of platelets In 
2 cases examined megakaryocytes were present m normal numbers 
in the bone marrow and there would therefore seem to be an inhibition 
of the normal maturation of platelets 

Heilman (1938) has reported 5 cases among Hottentots 3 of which were 
m women between 55-65 and * men 40-45 Thinking the condition 
might be scorbutic he presenbed orange juice and an antiscorbutic diet 
Autohaemotherapj was then employed 20 cc being injected mtra 
muscularly and this was followed by rapid recov cry Two of the patients 
received only one injection In 3, it had to be repeated but only once 
Up to the time of the report none had any return of the symptoms 
though the first occurred more than 3 years before Blackie also found 
that the most efficient treatment was by blood transfusion and auto 
haemotherapy He injected 18 cc of blood intramuscularly 

Shelley in fus case injected 10 cc of the patient 5 whole blood mtra 
muscularly In 4 days the vesicles disappeared and the general condition 
improved and the patient left the hospital 17 days after admission 
Gear found that intravenous blood transfusion is less efficient in 
treatment than small amounts injected intramuscularly This suggested 
to him that there might be a deficiency of some factor in the whole blood 
which stimulated platelet formation when it came into contact with the 
tissues He concluded that the best treatment was an intramuscular 
mjection of 20 cc of the whole curated blood When this treatment 
succeeded it did so rapidly Prior to the onset of the illness of his 7 cases 
the patients had been in good health and were living on a liberal mived 
diet 

Plant (1939) has reported a case of aplastic anaemia somewhat 
rcsembbng onyalai, though the characteristic blood bhsters in the mouth 
were not seen Transfusion and haemostatics were ineffectual There 
was a rapid reduction m platelets In less than a fortnight they were 
too few to estimate Death occurred 22 days after admission Intra 
muscular injection of whole blood vvas not tned 

Snelling (1938) has described from New Orleans 3 cases which have 
points of considerable similanty to onyalai 

In addition to profuse haemorrhages m the aVin and from mucous surfaces tbeK 
<ier a mirked decrease in the platelets and normal coagulation time and a prolonged 
bleeding tune Snelhng also reported a dela>ed contractility of the nonrettactile clou 
and a positive constnetor test The 3 cases were all females f Were children 5 and 
7 years of age and one o years old The cases were reported as thrombocytopenic 
purpura Snelhng advocates splenectomy as b«og useful in the treatment of W o- 
pathic purpura when transfusion of blood and of nake venom fads 

Dutton (1938), m reporting a case of thrombocytopenia with symp 
toms resembling a mild case of onyalai thought that a dietetic origin 



should be looked for m such cases and that a milder treatment than 
splenectomj should be advocated Thrombocytopemc purpura has also 
been reported b> Squire and Madison which it is suggested was prob 
ably due to food allergy In Duttons case the allergic symptoms 
appeared to be due to citrus fruits and when these were excluded no 
fresh spots were seen and the old ones cleared up completely in lo day s 
The blood platelets had been as low as 6o ooo per cmm but after this 
treatment the platelet count rose to *40000 When small amounts of 
atrus fruits were cautiously added to the diet fresh ecchymoses appeared 
in 3 days In serious cases blood transfusion or autohaemotherapy should 
be employed 

In symptom*! c thrombocytopcn a tbe effect is probably due either to (1) the bone 
miirow or (a) to the spleen In both cases capillary endothelial damage by toxins 
andanoxaemia poornutntion andotherunkiuiwnfactoTS may play an important part 
The toxins of acute stages of certain fevers aswell ascertain ingested poisons mavbave 
a d sti ct act on on the megakaryocytes and so reduce the platelets produced How 
closely onyalai is related to other forms of th ombocytopema is not entirely clear 
Bioch (1941) has repotted a ease of a ay year old «oman who was admitted to the 
hosp tal with thrombopenic purpura after taking quinidine for a period of 14 days 
Dunag the p eceed g half year she had taken quinidine for 4-5 weeks without having 
the slightest trouble 

Definite thrombopeaia without any other haematologc symptoms and without 
morphologic changes of the megakaryocytes m the sternal narrow was experimentally 
p educed several t mes by admirustering e 40 grains of qumidme sulphate per os 
Dun g the course of an hour the numb t of thrombocytes sank to about one fifth of 
their normal value The lowest alue was attained after five hours The or g oal 
values were epproiimately reached after 48 hours 

Broch bel eves that in essent al tbrombopen a the dec ease n the number of blood 
platelets is brought about by the reticulo endothelial system but the details of the 
mechan am ate as yet unknown He thinks that in allergic Ihrombopema the mecha 
n sm IS similar al 0 that no actual destruct on of the blood pi telets occurs but that 
they a e only tempora ly with held from the circulation and that the reticulo endo 
thelial system plays a decisive role in the proces 
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VmuGO CLeucoderua) 

This disease of the skin is very prevalent in many parts of the tropics 
It IS not only more frequent in the dark skinned races generally than in the 
Caucasian races but is particularly frequent in the negro Apart from 
this idiopathic acquired form perhaps influenced by heredity and con 
sanguinity of parentage other forms of achromia with depigmented areas 
of skin relatively complete ate also common in the tropics Such 
depigmentation is sometimes observed in the skin lesions of leprosy or 
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or leucocytes but m fata! cases naturally there was a severe drop m the former the 
color index varied from o Sj to o 98 in those who recovered 

The bleeding time was prolonged in his cases but the coagulation time 
showed little if any departure from the normal The chief characteristic 
was marked reduction and almost complete absence of platelets In 
2 cases examined megakar>oc)tes were present in normal numbers 
in the bone marrow and there would therefore seem to be an inhibition 
of the normal maturation of platelets 

Heilman (1938) has reported s cases among Hottentots 3 of which were 
m women between 55-65 and 2 men 40-45 Thinking the condition 
might be scorbutic he prescribed orange juice and an antiscorbutic diet 
Autohaemotherapy was then employed 20 cc being injected intra 
muscularly, and this was followed by rapid recov cry Tw 0 of the patients 
received only one injection In 3 it had to be repeated but only once 
Up to the time of the report none had any return of the symptoms 
though the first occurred more than 3 years before Blackie also found 
that the most efficient treatment was by blood transfusion and auto- 
haemotherapy He injected 18 cc of blood intramuscularly 

Shelley in his case injected 10 cc of the patient s whole blood intra 
muscularly In 4 days the vesicles disappeared and thegeneral condition 
improved and the patient left the hospital 17 days after admission 
Gear found that intravenous blood transfusion is less efficient in 
treatment than small amounts injected intramuscularly This suggested 
to him that there might be a deficiency of some factor in the whole blood 
which stimulated platelet formation when it came into contact with the 
tissues He concluded that the best treatment was an intramuscular 
injection of 20 cc of the whole citrated blood When this treatment 
succeeded it did so rapidly Prior to the onset of the illness of his 7 cases 
the patients had been in good health and were living on a liberal mixed 
diet 

Plaut (1939) has reported a case of aplastic anaemia somewhat 
resembling onyalai though the characteristic blood blisters in the mouth 
were not seen Transfusion and haemostatics were ineffectual There 
was a rapid reduction in platelets In less than a fortnight they were 
too few to estimate Death occurred 22 days after admission Intra 
muscular injection of whole blood was not tried 

SnelliDg (1938) has described from New Orleans 3 cases which have 
points of considerable similarity to onyalai 

In addition to profuse haemorrhages in the skin and from mucous surfaces there 
were a marked decrease m the platelets and normal coagulation time and a prolonged 
bleeding time Snelling also reported a debyed contractility of the nonretraetde clots 
and a positive constrictor test The 3 cases were all females j were children $ and 
7 years of age and one «o years oM The cases were reported as thrombocytopenic 
purpura Snelling advocates splenectomy as being useful in the treatment of idio 
pathic purpura when transfusion of blood and of snake venom fails 

Dutton (1938) in reporting a case of thrombocytopenia with symp 
toms resembling a mild case of onyalai thought that a dietetic origin 



areas there ssas slight seal ng On the palms and m die folds and about the joints there 
was more acaliog and eifohation of the horny layer and pitting of the surface of the 
shm Scrapings from the skin examined ut potasaum hydroxide solution showed no 
myceha or spores of fungi In stained preparations of scrapings made from the skin 
the same result was obtained Histological study of sections of skin from th s case al o 
show that the process is one of true vitiligo and that no fungi are present In tact the 
sections show no pathological changes with the exception of the absence of pigment 
There is not only loss of pigment in all the cbroinophores but also the whole area of 
skin ID the affected patch takes a much paler stain in comparison with the normal skin 
seen at the edge of the tissue Very few piginent-coiitaimn»wandeTing cell arepresent 
in the conum. There is nothing from the microscopical or bistolog cal study to sugg st 
that the affection is parasitic or infectious in its origin 

Id the study of other cases liLervise the only pathological change 
found was the absence of melanin and of melanoblasts with sometimes 
an excessi'e amount of pigment at the margins of the white patches 

A form of Mtihgo which may follow areas of prolonged infection with microsporon 
furfur infection is sometimes encountered and has been called attention to in Africa by 
Shattuek and in the United States by biles (ipja) The dep gmented areas which 
occur ta leprosy are often not completely achrotnic The depigmentation which occu s 
in pinta and yaws is discussed in Chapter \ 1 I Leutoierma tn temperate climates 
s sometimes a soeiated with alopecia areata The etiology of the acquired or id o 
pathie farm is unknown There u no evidence it is an infection The individuals 
afflicted usually appear to be generally healthy In many i stances heredity is appar 
ently a f etor 

In a few instances m u htch only a single patch has dec eloped recov ery 
may in time occur However in cases of a few years landing there is 
apparently almost permanent loss of function of the melanoblasts 

TrtaiiMnt — It has generally been found that no treatment is of any 
avail However Panjaand Maplestone (1940) have used the oil extracted 
from the seeds of Psoraha caryltfolta known as bouchi oil by mtradermal 
injection and have repotted excellent results In a or 3 weeks pigment 
began to form The white patches may be made less noticeable bv the 
dilute solution of walnut juice or by painting with permanganate of 
potash solution (o 2-0 5 per cent) in water If the borders show hvper 
pigmentation these may be bleached with strong hydrogen petoxvde 
solution 

\muGo Refecience 

Panj D Si Maplestqoe P A New Method of treating Leucoderma India i \ted 
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Albinisu 

Albintsm is not uncommon paiticulaily among the African tnhes 
m the interior The individuals usually have a dirty white transparent 
skm and yellow or yellowish white 01 reddish white hai These patients 
usually appeared to be in poor physical condiuoti apathetic and afflicted 
with photophobia and nystagmus Such cases of alhnismiis um ersalis 
are usually regarded as congemtal 

There is apparently a complete failure of the basal cells in oxidizing 
and storing melanin Since the subjects are extremely susceptible to 
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of syphilis and m the scars of treponemiasis It also occurs in pmla and 
has been reported in jaws 

In idiopathic \itihgo any part of the body may be affected, including 
the muco cutaneous areas though the extensor surfaces of the hands the 
face, trunk and legs are sites of predilection Often the disturbance is 
s> mmetncil The affection usually begins insidiously as a small depig 
mented spot which may be diffuse or sharply circumscribed The spots 
extend peripherally increasing in number and usually coalesce Usually 
the affection progresses slowly but in some cases it is so rapid that the 
greater portion of the limb the trunk or the face, may become white 
m the course of a few months The hair of the affected parts may also 
become white 



Flo 344 — Vitiligo AlncannatTe (Harvard African Report 1930) 

Cbopra who has found the aSectxm very commoa in India notes 4 chmeal types 
(il affects the palms and soles only (2) mucocutaneous type affects the bps and angles of 
the mouth the eyelids the anus or prepuce and the vuUa (3) only aff’eeting tiepres 
sure area about the waist wheretbelomdothiswomby Indians (4) agenerahzedtype 
In a case here illustrated m a nalne African there were widespread pinkish white 
patches on the hands and to a leas degree on the feet The palms and heels were also 

markedly affected but the largest I sion extended along the inner side of the right arm 
from the palm nearly to the elbow There were small depigmented patches along the 
edges of the larger white areas and scattered o>er the body A patch on the lip included 
part of the mucous membrane of the hp and of the gum The skin of the back appeared 
normal in every respect save color lathe depigmented areas on the forearm the skin 
vias of normal texture but exhibited irreguUr areas which were family reddish in color 
On the hands the skin seemed to be thickened and of abnormal texture In some 
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tying siln so that they bAd a musbroom Lke appearance The d ameter of tbe tumors 
varied from about j mm to 15 mm or more Some of tbem had coalesced to form 
irregul r masses They were all sharply cireumsciibed but some circular while others 
n-ere irregular m outline Retraction of the swellings in tbe bead of tbe elbow bad pro 
duced a contracture so that the right arm was bent and filed at an acute angle The 
functions of both hands were impaired by scamag and with Iteloid formations on their 

Some of tbe nodules showed pitted scars and others more extensive scar formation 
in the center but the smaller nodules eibibiled httle or no scarring Some of the larger 
ones were covered by areas of normal skm while over many of the other swellings the 
shin was tense shiny and translucent m appearance Tbe color of the skm was not 
materially altered but there was a lack of normal cbsticity Tbe const tency was 
firm to hard and some of tbe Urge swellings pitted veryslghtly 00 pressure A watery 
secretion exuded from a crevice in one of the swelhngs and another crevice was crusted 
The skin sensation was generally apparently notmal The lymphatic glands were not 
enlarged Excision of portion of a nodule Itom tbe back caused pain but one excised 
from an overhanging edge of another lesion caused no pain The bleeding was slight 
F eces of tissue excised from one of the larger tumors were found to be of tough 
consistency and tendinous white appearance while the smaller tumor was of softer 
consistency and of a pale rose tint upon section Tbe tissues were hardened in Zenker s 
solution and m formalin Film preparations made at tbe time from tbe cut section of 
tbe nodules sh wed upon examination that they were tieh in celU and m films stained 
with Giemsas solution onaceountofthencboessmcbaneterof tbeceDs a sarcomatous 
cond tion was suggested la a few of tbe films bUstomycetic forms were observed in 
some of the ep thelial cells from the surface of the skin However tbe occurrence of 
Bla$lomycts in superficial Uyers of tbe corneal layer is not uncomson m many indi 
viduals m parts of Africa not afllictcd with keloids Mention 1$ made of this fact 
because Legendre and hfootel and Pons have reported upon cases of keloid format on 
where BUstomyees was believed to have bad etiological significance 

Tbe Mct ons from tbe turnon of tbis case were stained in baematoxylin eostn 
G emsa s solution Mallory s connective tissue stain and Levadilis silver impregnation 
method A histological study of the 4 pieces of tissue removed showed that the lesions 
which he beneath the epidermis ate composed almost entirely of fibrous connective 
tissue However there were slight variations observed la tbe different tumors and 
al 0 in different parts of the rections of tbe same tumor 

Some of the waving connective tissue fibers were so thick as to resemble m sue 
tn crofilanae No elastic fibers could be distinguished in these areas which is in 
marked contrast to what is usually observed lo ordinary cutaneous scar tissue In 
other places the tissue was nch in long spindle nuclei and the growth otherwise con 
Eisted of dense fibrous tissue while 10 still other areas the fibroglia fibnls were dis 
tributed m thin strands between layers or bauds of the coarser collagen fibers These 
ppearances were especially marked in tbe sections stained by Mallory s connective 
tissuestam There were good numbersof blood vessels w thin the tumors andmmany 
areas there was shght infiltration and proliferations of tbe cells about them However 
the prol f ration and infiltration was not marked and the infiltration did not extend into 
the surrounding tissue for any great d stance For the most part tbe tumor was stnk 
ingly free from infiltr t on with cells The ptol fetation of the fibroblasts was a much 
morestrki g feature than the proliferation of the vascular e dothehum Onthewhole 
the tissues showed a marked regenerative process on the part of tbe fibroblasts with 
I ttle or no endothelial or lymphocytic infiltration 

The explanation ior the marked tendency toward keloid growths 
among many African tnbes is difficult Sometimes an hereditary pre 
disposition has been observed 

Justus believes there is some relaCionsh p between byperthyieosis and keloid forma 
tion while Payr beheves that mdivido Is with hypopl stic constitutions are especially 
predisposed to their formation in fact to ndi connective tissue formation in general 



sunlight and suffer from chronic solar dermatitis on the exposed parts 
they should be kept away from the strong sunlight as much as possible 

A mild degree of the condition which his been observed m India some 
times results m a spotted skin, or actual piebaldisra but the condition 
mav improve with the attainment of maluritj, especiall) in the case of 
women after childbirth 

No form of treatment has been found efficacious although an especiall) 
nutritious diet has been recommended by Chopra 
ketoro 

This term has been applied to an hypertrophy of the fibrous tissues 
particularly in the cellular layers of the corium Under usual conditions 
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in the formation of scats the fibrotic process becomes arre&ted apparently 
by the strangulation or obliteration of the newlv formed blood vessels 
especially through contraction in the healing wound and there are left 
more or less pigmented or depigmenled elastic scars which remain 
Hob ev er if the development of newly formed blood v cssels continues and 
there is an abnormal respopse of tb» aogioblasts the growth of fibrous 
tissue may continue giving rise to hard overgrowths of tissue which become 
raised above the surface of the skin and may extend well beyond the 
original site of the injury In many such instances the epidermis over 
the keloid growth then becomes thin from pressure and the grow th may 
have a smooth, glossy appearance Someumes there is considerable 
hyperaesthesia or actual ncuntic pain owing to involvement of the sensory 
nerves The growth as a rule takes place slowly and the lesions vary a 
good deal in sire and distnbution Those occurring after burns or scalds 
arc often extensive and mav had to contractures and disfigurement 
They rareU involute spontaneously 

Is Ihe cs « tllustrxtcd tbe lesxuw consisted ot large Veloid like noduUt s sellings 
on tie sidt$ of ibe ''**** t»reasts shoutders back artns legs and flanks 

Tbev were elevated from o S to s $ cm above the surtoundmg skin and the edges ol 
someotthem particularb opoatkehack bulged and spread out sUgUly overthe under 
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primary cause of the d sturbance however no ev deuce of a fungus was d scovered 
Nevertheless they suggest epidermophytosis (athlete s foot) is the most likely infection 
to cause bilateral les ons m the cleft of the little toes The observat on that sclerotic 
narrowing of the alter eswas absent tn the r ght toe and advanced in the left suggested 
that It was secondary to the skin lesion which was also more severe on the left side 
Symptamatoloty and Trtalmnl — In 90 pec cent of the cases the little toe is the one 
affected more rarely the 4th toe or very rarely both the 4th and little toe The little 
toes may be attacked at the same time but the condition usually first starts in one toe 
At first there is a crack mthedigito plantar fold of the little toe This extends bterally 
and finally appears on the dorsum The distal portion of the toe enlarges and becomes 
bulbous so that it looks hke a small potato The connection bet een the foot and 
the bloated looking toe is a limp fibrous cord which permits the toe to nabble m various 
directions and to interfere greatly with walking 
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The course of the disease eitends over several >ears if the toe is not 
amputated by cutting through the 6brou$ pedide or as the result of 
ulceration from injur> to the pedicle There is little or no pam of the 
affected toe or toes probably connected tviih loss of sensation 

Bn Uei! —Maclean observed in nati e$ of the Gold Coast an hypertroph) of the 
os calcis hlaxwell also described a similar cond I on in Formosa It has been s g 
gested that the condit on may be smular to that which invol es the superior maxillary 
bones in Gondou (see Chap XIalsoAppendup 1627) Big heel is said to begin rather 
uddenly with fe er pa n and tenderness followed by swelling and enlargement of the 
os calc s of one or of both heels 

Ckiufa {Kony 1060) — Under these terms Manson referred to a form of acute rectitis 
which was reported from South America and later by Gilkes in Northern Rhodesia 
in valleys at an altitude of 3000-1500 feet Recently it has again been called attention 
to in Africa Manson Baht ( 940) describes the cond turn with sudden ons t and an 
acute course the primary manifestat on bong a white powdery condition appearing 
about the anus and giving the appe ranee of boiaccc ac d or flour In women the 
vul a may show a similar appearance ThepauentthenbecomesacutelyiUwithpains 
n the b ck and feve to 104 F The rectum then becomes greatly reddened and 
swell n and the inflammatory condition ascend upward to the colon Di rh ea and 
vomiting may also occur The cause of the condiUon is unknown 

Referekces 

Davies J N PandHewer T F Ainhnm Rep tofaCaseinEn landwithHist log 
cal Study T am Ry Sac e/T p V d &• 17 « 35 Sept 94 

Sp n g E W Ainbum its occu ence in the Umted State w tb a report of three 
cases Ante J R nl 42 346 939 



1140 


Armuu 


such as the productioa of adhesions Menes however thinks that scrofula and syphilis 
predispose to keloids 

None of these explanations except hereditary and racial tendencies 
seem to be particularly applicable to the frequent occurrence of the 
condition among certain Afncan peoples keloids frequently develop 
at the time of puberty or in the years immediately following 

Treatment with "Vrays has been recommended m which however 
severe reactions should be avoided and moderate appbcations given over 
a longer period of time For small keloids repeated refrigerations with 
carbon dioxide snow have been employed Macleod has shown the use 
of radium to be most effective He recommends a full strength radium 
plate which is screened off by a silver plate i mm in thickness He says 
the exposure should be one ot 18-30 hours However the larger growths 
are often recalcitrant to treatment 

Excision IS generally not advised although Chopra thinks that m 
some cases very resistant to \ ray and radium that a plastic operation 
with skin grafting may be the best remedy The result after surgical 
operation depends especially upon the inherent tendency to reproduce 
keloid growths 

Aivupjf 

This disease equivalent clinically to a spontaneous amputation of 
the little toe has been chieOy noted in the natives of the West Coast of 
Africa especially among the Rroomen and m Brazil The writer found 
it common in Liberia, where it might be unilateral or bilateral and occa 
sionally caused the loss of the 4th toe as well as the 5th Cases hav e been 
reported from the West Indies and rarely from the Southern Stales of the 
United States It does not attack white people and the susceptibility 
of black races is probably connected with their tendency to keloid develop 
ment There is some evidence of ainhum being a familial disease as it 
sometimes seems to select members of the same family or generations 
of the same family 

There have been all sorts of suggestions as toctiglogy (a) that it is related to leprosy 
(J) that It IS a tropho neurosis (e) that it results from wearing constricting binds or 
rings on the toe (d) that it is connected with frequent injuries to the under surface of 
the little toe 

Pathologically there is often found a fibrous cord which has replaced the bony 
structures normally attaching the toe to the foot According to Unna there is a ring 
form sclerodermia wiih thickening of the epidermis causing an endarteritis with the pro 
daction of a rarefying osteitis The disease » chiedy found in male adults between 

and 30 years of age Castellani who has observed similar changes to Unna also 
points out that the constant irritation Causes the epithelium to prohterate internally 
and depress the skin and the fibrous connective tissue of the cutis to become increased 
in quantity 

Spmrig (1939) who has discussed its occnrrence in the United States points out its 
extreme rarity in any but negroes and that the constriction of the littfe foe is probably 
induced by some mechanical or infectious injury and that it predominates m negroes 
because of the marked fibrogenetic tendency which is so characteristic in some members 

^a«es and Hewer (194O liave reported a case in which a histological study was 
made of the Ussues The authors thonget than an epidermophytosis might be the 
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low the intellectual level did not seem to differ matenall> from that of 
other natives 

While as stated latah has been classed b> some authors with the 
h>stenas Repond disagrees and believes the mentality is not that of 
hysteric individuals The subjects are pained at their condition and 
fight \er> hard against it In some respects it has the nature of an 
obsession or anviety neurosis However apart from their ectokinetic 
crises the> exhibit no tendency to phobias or obsessions and anxiety 
is not the usual state of these patients However there seems to exist a 
certain state of anxious tension Teadil> set free though there does not 
appear to be any relation between the external excitant and the intensity 
and extent of the distress phenomenon of latah 

Palthe who has had a wide experience with the disease in Mala>a 
also agrees that it is certainly not a ps>chosts and still less is it h>steric 
He thinks a hypersensitiveness for impressions of fright exists m all cases 
A condition similar in some respects has been described among the 
primitive Amu people and is known as inu It occurs usually in 
women and the attacks are precipitated by some emotional shock They 
are of a psjcho motor character and if one is startled into an attack she 
will continue to echo everything that is said to her 

CsstelU i in his study f Uub divided »1> duturbances int» two varieties the 
impuluve and the in msti The former which » produced by sudden shock resulted 
in violent action or to 1 guage of nb b the pat e l might be very much ashamed 
The mimetic is the tons in which ihe suBerer no matter h w unwilling is compelled to 
imitate He suggests that latah may be cl ely related to the cu i us psychical pbe 
nomenaseen at times among diSe eni races of afflicted people being variously known in 
Curopeas tbej mpers the barkers and thejetks nd that it may also be allied 

to those states of excitement to i bicb people pass during times of religious revivals 
In Madag scar iSdi-da among the people of the lowest classes at the time of the 
vi lent death of the k ng when sudden cb nges were made in the religion and laws an 
outbreak ecu red which is said to have been ideot cal with the dancing mania of the 
m ddle ages There is a strong admixto eof Malay blood in the natives of Madagascar 
especially sn the rubng classes 

Unless unusual acewients occur latah is not fatal but it is apparently 
more or less permanent and It IS incurable However it does not appear 
to grow progressivelv worse 

Auto suggestion has been advised in treatment 

Latab References 

Palthe P M VanWulflten Latah Clinical Te tbook of Trop cal Medicine (DeLan en 
& Lichte stem) Batavi p s S 193B 
Repond A An O lental Neurosis S kj.ti Med KoA 70 148 94 

Auor 

Amok is a well known native nam e m all Malaysian tropics and is 
applied to a form of homiadal mama which attacks Malays and leads 
to a blind fury to kill without reason An individual will suddenly and 
apparently without reason seize a kns or knife rush from his house into 
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PSYCHOPAimC DISTURBANCES 

Latar 

Latah is a peculiar form or manifestation of hyper inipressionabilit) 
It has been referred to also as a psychosis or neurosis which has been 
observ ed in the natives of the Philippines the Malay Peninsula Java, 
and the surrounding islands It occurs in both sews somewhat more 
often in women, but children are rarely affected It is apparently con 
fined to the Malay Race Palthe (19315) described it as a peculiar reaction 
to fright, in which the most stnking symptoms are a clouding of conscious 
ness echolalia, and echopraTia 

In Batavu he wntes a woman is called latah when by giving her a fright it is pos 
sible to throw her into such a condition that she repeats the words spoken to her with 
the intention that she skall do bo and imitates all actions performed before her with 
the purpose that she sfiall imitate them In order to precipitate an attack in individuals 
subject to fatah it is usually only necessary (o suddenly attract their attention or startle 
them as by a sudden shout or cry or blow and at the same time by pointing suddenly 
at them This causes them to lose control of themselves and they will then execute snd 
repeat any movements or gestures or repeal any sounds made by Ihe individual who 
startled them no matter bow fantastic they are or how dangerous During this 
hypnotic Lke state the victim is at the mercy of hts prompter and he will involuntarily 
follow him bhndly and yield to any of bis comments or suggestions Sometimes when 
the individual is suddenly frightened be will fall down m en attempt to imitate the move 
ments and gestures of any people who may be in sight 

Usually some of the relatives or neighbon recogniae the tendency in one of their 
cumber to aufier from attacks of latah and sometimes they call the attention of the 
physician to the condition as the subjects otherwise often appear to be normal mentally 
and physically In other cases the discovery of the condition by the physician may be 
an accident 

Such individuals are often made the subject of practical jokes They however 
usually ate aware that they are being made fun of and greatly resent it and become angry 
and often echolahc 

FalChe states that it is certainly not a psychosis and still less is it a form of hysteria 
Those who are afCicted with it he says are otherwise mentally sound and can maintain 
their social position in their natural walk of life perfectly well in spite of the leasing to 
which they are often subjected 

^Vhen the attack has been started, the patient remains in the condi 
tion as long as the examiner or director occupies himself with the indi 
vidual At times the patient will frequently begin the attack with an 
ejaculation of some obscene or meaningless word If the patient is left 
alone, or talked with in a quiet calming way, the condition usuall> sub 
awi ^b.e patwat. agun behaves hkft a perfectly oormal person 

In severe cases following performances requiring much physical 
activity, the individuals may show signs of exhaustion or of swooning 
which may end the time of the hypnotic like attack 

Repond (1940) has made physical examinations of 9 patients which 
did not reveal any defect All seemed to be m excellent general health 
nor could he detect any sign of mental disorder such as for example 
schizophrema While the general menul state on an average was fairly 
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recognized and in certain instances fully expected by the person involved 
and his neighbors Jle points out that it is a preformed reaction method 
that lies ready to hand in which there is a certain ritual as it were e\ ery 
phase being standardized He has never known of a single case of amok 
among the man> Malays who have gone to hve m Europe He impor 
tantly points out that the surroundings and sphere of influence in which 
the individual hves within the Malaysian land where the condition occurs 
has a definite influence on the frequency of amok and giv es as an example 
that in the old hospital in Batavia with its typical primitive native 
atmosphere amok was quite common However when the patients were 
transferred in 1914 to an imposing modern hospital with up to date 
equipment where everything was conducted on European hnes and where 
an entirely diBerent tone was maintained from that moment amok 
among the patients ceased 

The results in the Philippine Islands have been somewhat similar 
Here amok has been very largely observed among the Moro tribes that 
inhabit Jolo The Moros of the Phihppmes were fanatical Mohammedans 
and had adhered to the belief that there u do God but Allah In the 
early days of occupation 0! the Islands by the United States amok was 
V ery common and numbers of oflUcers and enhsted men as well as civilians 
lost their lives m these sudden furious attacks which were so frequent 
From a study of the subject it appeared that m a number of instances 
such attacks had followed exhortations by the priests or visits to them 
shortly or immediately before Through pumshment of these Moham 
medan priests the disarmament of the Moros and especially through their 
general education and through the training m the Christian Moro school 
estabhshed by the late Bishop Brent such attacks began sensibly to 
diminish 

Especially throu h this school there was b ouflit to these neglected people the 
assets of a new civih ation which raised their standards of tivi g and through leading 
better hves their religious soaal and moral views were changed So great has been 
the change among these people within 75 years that amok is no longer a menace there 
and indeed one seldom heats of it >n this locaUty 

Koro 

A form of anxiety neurosis described in most text books of tropica! 
diseases has been termed koro This peculiar phobia has been described 
as appearing particularly among the Buginese and Macassarans in the 
Celebes and m West Borneo It also occurs among the Chinese and is 
known by the term shook yeng 

The condition has been descnbed by Faith as an anviety state in which the p tient 
s in tenor that his penis wiU shoot into Ins bdly and that as a result of this he will die 
This anxiety comes on suddenly is very intense and s metimes may last for several 
days on end In order to p event the orairrence that h so greatly dreads the patient 
holds onto h s organ w th a vice bhe gnp and >s hdped herein by bis wife friends and 
relat ves who sit around him in a circle They must all see to it that the penis is not 
tele ed for a single instant otherwi e init shoots and de th follows inevitably I After 
I ng weary hours of vigQ such an attach gradually wears off but is repeated again 
a d again 



144 


AMOK 


the street and slash and cut and stab at everybody he meets until he is 
overpowered or killed or kills himself 

Not infrequently m an incredibly short time he will with marvelous skill deal 
deadly stabs killing or leaving desperately wounded on the ground 5 or 6 or even mote 
people In bis lust and behaving somewhat like a mad dog he attacks not only nan 
but animals such as the carabao (water buffalo) which may come in his path making 
huge slashes in their sides The neighbors with wild cries of Amok amok seek 
safety m rapid flight Usually he is shot down by arriving police or constabulary and 
if this does cot come speedily when there is no one m sight to kill he may turn bis spint 
to destroy upon himself and sell uiffict iernble wounds such as cutting his throat or 
laying bis abdomen widely open In other instances he swoons into a stuporous eon 
dition and has afterward no memory of what has happened However more often he 
does not become satiated and does not stop of hts own volition This is generally w ell 
known in the neighborhood and for this reason he is generally quickly shot or killed m 
another way so that as a rule a psychical elimination cannot be obtained 

Hence for a long time the reason for such aggressive brain storms 
has not been clear and even now a number of observers do not think 
that an entirelj satisfactor> erplanation can be given These frenzies 
were formerly regarded as due to sudden insanity Others suggested 
that a typical attack might be the result of circumstances such as domestic 
jealousy or gambling losses which render a Mala> desperate and wear) 
of his life and that hence it might be equivalent to a form of suicide 

Van Loom thought the attacks might be a speafic reaction of the 
Jlalay race to tOTic influences of the central nervous sjstem the result 
of attacks of fever caused b> mataru pneumonia or syphilis However 
this idea has not been supported m recent >earSj since the attack has 
been unmistakably observed to occur m subjects which were otherwise 
perfectly normal both physically and mentally Rather did the attacks 
appear to be the result of psychic influences and to occur in individuals 
which felt themselves violently offended or who were in serious trouble 
from which there seemed no outlet 

Palthe (ig36) who has especially studied the condition in the Dutch East Indies 
points out that an unsuppoctable conflict may develop in such individuals m which 
after a period of meditation there is an emotioiul overflow of his entire consciousness 
which discharges itself in an aggressive brainstorm In cases in which the individual 
has come through the attacks still alive be has found no psychic abnormality except 
a compleCe amnesia 0/ the occurrence 

\ an Loom has pointed out that anxiety is an element that is never absent in amok 
lie thinks that the individual gives the impression of a cornered rat which strives to 
defend itself as best it may by maLinga savage and reckless attack on whatever may he 
in front of it Several investigators have found that the individual may prepare him 
self so to speak for his actions dotin^ a period of meditation and the monotonous 
muttering of Koran texts with rhythmical swaying of the body and with dulling and 
narrowing of consciousness CastcUani also thought that the exciting cause was a 
strong emotion following anger sorrow or hate and that if the individual recovered 
there was a penod of depression lasting days or weeks during which the patient broods 
over his wrong Miall thought that the attacks were sometimes due to smoking 
hashish In the Dutch East Indies ithaabeensaidtosometimesfollow opiumsmokmg 

Palthe regards it as being a standardieed form of emotional etplosioo 
which IS recognized in Malayan countnes, a sort of beaten track, well 
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Chapter XL! 

FUNGI 

Classificahon — The fungi belong to a group of plants known as 
Thallophjta They ate filamentous plants which do not develop a com 
plex body and do not produce root stem or leaf There are two large 
subdivisions of the Thalloph>(a algae containing chlorophyl and futiga 
ceac lacking chlorophyl The fungaceae include the fungi of which three 
large groups may be recognized 

( ) ScbuomjcetM or b&cUtu 

(s) Eumycetes or true tucgi «bicb may be defined a> unicellular or multi 
cellular plant like orfiantims usually larger than bacteria mtb definite cell walla 
which mult pl> by cell fiaa on budd ng and uaually by means of asexual and ae ual 
aporei This group contains the pathogenic fungi 

(3) My om}cetes or shme moulds are muUinuckated naked masses of proto 
plasm (Plasmod a) Some of these 0 gsDisma may be protozoa No species is patho 
genic for man 

The subdivision of the fungi presents innumecable difficulties and there 
IS great lack of harmony in the different botanical classifications as well 
as in the classification into clinical and pathological groups Indeed it 
should be emphasized that the classification of the fungi is still in a con 
fused condition and that the botanical groupings are in many instances 
obscure 

C Dodge has prepared and published a notable contribution upon 
the subject of medical mycology and it is the most complete one that has 
been published in the United States It constitutes an admirable docu 
mentation and catalogue of the descriptions of the majority of the species 
which have been described as parasites m man or mammals and it con 
tains also an excellent and very nch bibhograph) The work however 
has not been prepared from the critical point of view espeaally in regard 
to synonomy Thus Langeron and Guerra (1938) point out that a single 
species well characterized and easy to recognize by Us chlamj dospores 
Candxia albicans is found dispersed among ro genera and naturally 
”47 
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1( there is no help at hand it u reported that he may actually tie the peois to his 
leg with string and anchor it by means of a pm frequently employing a double bladed 
clasping instrument used by jewelers and known as he teng hok 

According to the native explasuiion of the a&ection the \in principle repre 
senting the female power dominates the \ang principle which represents the male 
element In order that the \in disease may be cured a ^ang medicine must be 
employed 

The afflicted indiv iduaW are usually neurotics and the anxiety is said to anse out of 
sexual conflicts Freud has suggested the conflicts in some instances may be related to 
the fear of castration which in China has generally included amputation of the penis 
as well as the testes Koro and other degenerative forms of neurosis have been espe 
cially discussed by Wong ^^u (History of Chinese Medicine Tientsin igjilandF M 
Paltbe (Chmeal Text Book of Tropical htedicine DeLangrn L Lichtenstein Batavia 

1936) 
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Morphology and Biology — ^T\iro classes of thallophjtes are especially 
of medical interest the Ascomycetes and the Hyphomycetes or Fungi 
Imperfecti A third class the Phycomjcetes have only been reported 
from man in a few instances The two latter not infrequently contaminate 
bacterial cultures 

Fungi Lite bacteria do not contain chlorophyll hence they must live a saprophytic 
or parasitic existence In their simplest form they consist of ramifying filaments called 
byphae A network made up of vegeUtive hyphae intertwined in tangled threads is 
termed the myceLuro Growth may bt either by addition of new hyphae (apical 
growth) or by di is on in a Single hypha (intercalary growth) The hypha may be a 
single tell or many tells separated by septa 

Some hyphae contam cellulose others chitm In some fungi the mycelium becomes 
packed as hard masses containing food material to serve future germination and known 
as sclerotia 

Probably only in the case of F drata ho U (caus ng a disease of the hair) are such 
structures present 10 pathogenic fungi but id the mycetomas the granules are of this 
nature and known as bulbil Ergot is the sclerotium of a fungus (C/o c fs pu pu la) 
attacking the grain bearing heads of rye and is of importance med cinally and as a 
food po son In the h! ddle Ages there «ere great epidemics of ergotism causing 
gangrene (St Anthony a fire) 

Spores.— Equally important in structure with the byphae a e the spores (conidia) 
A spore may be simply defined as a cell which may or may not separate from the hypha 
but which IS capable of germin t ng and reproducing the parent cell or hypha A spore 
may be non sexually produced by simple separation f om the hypha (conidium) devel 
opment along the cou se of the hypha (oidium or chlamydospo e) or within the proto 
plasm of the hypha (endospore) The te m chlamydospote usuaUy implies a rather 
thick walled ase al spore which is capable of resisting an unfavorable enyironment 
and subsequently germinating Hyphae m y separate from patent byphae and form 
aithrospores (tballospores) which may subs^uently become oval or round (blast 
spores) Blastospores characteristically sprout from hyphae 

Certain fungi have hyphae which fo m fru ti g branches called conidiophores 
(eporoph res) Vt hen cells a e p s nt which give rise toe dogenous spores (sporangia) 
the sporophore is called a sporangiopbore 

The class Asc mycetes is characterised by the ascus a sporangium in which spores 
d velop usually to form 8 ascospores 

^\hete lep eduction is of a sexual type the gametes (sexu 1 cells) may be equal or 
unequal 01 the female g mete may be much large than the male one (sperm) the 
latter fertiLz ng the egg which later produces oospores Parthenogenesis is frequently 
present among fungi 

Mycoses — D seases caused by fungi are known as mycoses The terminology of 
the mycoses vanes considerably with diSereot authors but fairly well recognized terms 
are the deimatomycose or nngworin affections otomyco 5 onychomycoses and 
maduromycoses Again the name f (he affection m y be taken from the fungus con 
cerned m the cause as sporotr chosis blastomycos s acUnomycos s or aspergillosis 
However there is also f equently great divergency of opin on m such class fication 
Thus Bnimpt (1936) under the term Blastomycoses includes only the diseases 
produced by the b dding fungi CSneehnrwffiyces i/yc lorula and Torul ) or those p e 
senting the f rm of ye sts (blastospores) and be definitely e cl des the 0 ganisms 
produced by the non budding funp Howevti many other authors intl de in this 
term disc es caused by fungi not only of the genus JoccAe omveet but of Cryptoco cu 
Cocetd od Oidium and ilenil a (Condtda) 

Pleomorphism — The fungi frequently reveal rem tkable variat ons m pure cultures 
and th s a particul ily found m the speoes -whidi cause nngw orm Thus the morph 
ology of the penph ry of a dermatoiffiyte m y be entirely different from the original 
centt 1 no ulationgrowth ndthediaugemayholdfor subcultures from the per pheral 
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under different names Several other species ate described in 7 different 
(,enera while the genus Candida be subdivides into 13 genera contai ing 
ta species Castelhm in his classification has on a number of occasions 
described the same fungus under a number of different names Such 
examples emphasize the difiicohies in classification 


StWlY AMD CUSSlRCtnOV OT 'MoeLps 
Classification of More Tinportant Fungi Pathogenic lot Man 


Pbicomicetes Mucoraceae 


I Cocafiioidcaccae 


/EttmaKsceae 

llaiperfectae 


\ 5 a(eha romyeetucete 
Imperfectae 


Fungi 
Itnperfe U 


Genus 
/Absidia 
/Xfucor 

(pbiei^us 

Piedraia 

/Coceidioidn 

< Rbinosporicffum 
lilistoptasina 


{ CasteEinia 
S>Tjngosp(ff» 

CT}i>iococius 

I Malasseeia 

Tncbopb>(oi> 

Megatncbopbi-ron 

Ectotricbophi-lon 

A/irrosporum 

Adionon 

Epidennophrton 

Endodcrmophxion 


'Species 
A coijmbifcra 
M laucedo 
R tiJget 
R parasiticus 
\P hortJi 
JP colambiana 
C immitis 
R s^eben 
n capsuIatuBi 
Z deriDafiudis (Crv-pto 
coccus pkfanst)/ 

Z capsulatum 
C tropicabs 
C puImoluUs 
S albicsns 
S psitosis 
S iflterdigitahs 
|C bistol/ticus 
(C veningitidis 
Xf furfur 
T tonsurans 
T sabouraudi 
M roseum 
E meatagropbytes 
Xf audoumt 
A schotnlemi 
A mans 
E interdigitate 
£ Boc osum 
E cOBceotneum 
A lumigitus 





Aspcrgdlaceae 

iScopuLinopsis 

S bnvicaalis 


tABeschena 

\ boydij 


/Dematium 

D «re(n<*cl:t 

Toruleae 

V AladureUa 

Xf mycewmi 


llodieUa 

I brumpu 

Derma tiacese 

Vormodtndfiai 

Jphialophora verucosa 


j ActiDotnyceCeae 


VSporotflchieit 


/bporotnehum 


K rosdurae 

A asteroidts 
'A minutissimus 
A tbwBiert 
;5 scheoclii 
S beurnianni 
>A alb/ciscanj 
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{Trtchosporum giganUiim) Another speaes has been reported from 
British Guiana and from Brazil P horlat and Souchard 1937 has found 
this species in cases in Cochin China Horta has published an excellent 
monograph regarding the condition If an infected hair is examined in 
liquor potassae the nodule will be found to be made up of facetted bodies 
matted to the side of or at times encircling the hair but not invading it 
The fungus grows on Sabouraud s medium but better on carrot A form 
of Tnckonocardiasti similar to piedra bas been reported by Chalmers and 
caused by a species of Ptocardta (actmomyces) Infections involving 
either the hairs of the head or bearded regions have a wide distribution 
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according to MacLeod Lampe (1940) reports that piedra with black 
nodules caused by Piedraia is frequently met with m the nativ e population 


Manson Baht (1940! als empbasi es that triclio porosis must not be confounded 
w th Trichomycosis n d so (Tncbonocardiasis) which is a fungus di ease of the hair 
and common enough n the a diary sc otal and face hair in Eu p and el ewhere 
Also It should not be confounded with J B a non p rasitic diseas of the 

hair shaft wh ch is spl t up at d fferent point into hr sh 1 Ve bundles of fibres and is 
thus easily fractured It should also not be confus d with morutifornv hair another 
non paras tic condit on which s congenital and hereditary 

Trtcom-^costs has been reported m Central Africa and Asia and Japan 
as well as m Europe Casals (1939) has reported cases of trichonocardiasis 
m Cuba In some respects ^e omdition resembles piedra The shafts 
of the hairs especially those of the aTilla are said to be attacked The 





FICDKA 


H50 

zone Also different spore forms may develop from the same culture This is usually 
referred to as pleomorpbism but the tema polymorphic is more applicable to many of 
these variations It is well recogniacd that variations may result from culture environ 
loent — hence the necessity for standardization of comfwsition temperature and reaction 
of culture media used in research (Seep Upi) The lermsaltationhas been employed 
to indicate variation in morphology in the fungus in different parts of the colony 
Saltation should not be confused with mutation as the two may not be identical 

PlnCOMYCETIS 

The phycomycetes are sometimes referred to as Lower Fungi a* they approach more 
the primitive forms The Ascomycetes and Hyphomvceies are classified in the group 
of Higher Fungi The Phycomycetes ate not usually regarded as of great importance 
in human pathology However Brumpt and Ramsbottom have classified two iDipor 
tant fungi Rkinosportdiuin seeben and Cocadioides tmmiHs under the Chiitidiales an 
order of Phycomycetes (see p nya) Here ebssified as Ascomycetes 

Otherwise it is only necessary to consider the Mucoraceae which are moulds so often 
observed as cotton like areas on decaying foodstuffs or as Petri dish contaminants 
The best known species is ^tucortnuredo so common on horse dung but it is now denied 
that this fungus pbys any part in human mycoses although a case of mucor keiatomy 
costs has been reported where this comoion mould was isolated from a corneal lesion 

Absidia corymbifera (Mucor corymbifera) — Tbe sporangium of this fungus aver 
ages from go to you in diameter with smaller ones from 10 to rou Tbe sporn are 
spherical and measure from g to 4 m in diameter ItgrowtwellonSahouraud medium 
This speaes has been reported in a number of instan es as the cause of nasal pul 
monary and auricular mycoses (Brumpt 1916) 

Rb topus.--Twospeciesofthisgenus R Rigerand/f parottl’ciis havebeenregardef 
as possibly pathogenic Tbe former was isolated from rate cases of black tongue 
and the latter from the sputum ot a ca e diagnosed as pulmonary mycosis VniUemn 
and others doubt the relationship to bbek tongue which is now regarded as a symptom 
of a vitamin deficiency The columella of R mg r after tbe dehiscence of the sporsn 
gium IS mushroom shaped The sporangia when mature have a black color 

ASCOMt CITES 

Among the Higher Fungi are included tbe ebsses Asromv cetes and Fungi Impeifecti 
The Asconycetes are probably the mo t definitely characterized of the fungi this class 
having a special type of sporangium called an ascus (little sac) In the young ascua 
there is a single nucleus which by 3 successive divisions frequently results in 8 unmu 
cleated ascospores However in some forms only * or 4 ascospores may result— or 
even 16 may occur 

Tbe yeasts which reproduce typically by budding but produce asco pores si* 
included in this class Other budding forms may fail to show ascospoie formation 
(aspotogenous yeasts) In some Ascomycelea there is a well developed thallus with 
septate hyptae (tbe bypbae of Pbytomywtte are non septate) In the yeasts only a 
sprout mycelium is knovni 

Piedra (Tnchosporosis) —This is a fungus disease of the hairs m 
which small nodules form along the shaft Thev are about the size of the 
mts oi head hce but moit os ie*® sunou&d the bau instead of projecting 
ofi at an angle as do the ovoid lice mts The small sandy concretions 
are black in color and very hard hence the rvame piedra — stone The 
disease was observed frequently in Colombia in women and the infection 
was thought to be due to the application of a mucilaginous preparation 
to their hair It also occurs upon tbe hair of the beard The stone like 
concretions are caused frequently by the species Piedrata columbiana 



endospores and having a thick doubly contoured capsule These rounded 
elements never show budding in tissues Cultures of the organism on 
artifiaal media develop creamy white mlomes appearing in 4 to 17 days 
on malt extract agar later becoming cottony and brown with abundance 
of chlamjdospores (4 to 7 m) The hyphae are about 3^ wide MacNeal 
and Taylor hav e noted endospore formation tn anaerobic cultures Inocu 
lation of monkeys rabbits guinea pigs and mice with cultures give rise 
to the same cysthke structures with endogenous spores as noted in 
human tissues 

By the end of 193S more than 400 cases of the affection had been 
reported with 80 per cent of the cases in the Umted States from Cahforma 
where the disease is reportable Scattered cases occurred in other states 
Dickson (1938) has reported upon valley fever or desert fever of the 
San Joaquim Valley as an acute coccidioidal infection The lesions of 
the skin resembled erythema nodosum and there was usually pulmonary 
involvement He thought that the infection was caused by inhalation 
of thechlamydospores A great majority of the cases promptly recovered 
Srumpt has described a species C hulosporocelliilarts as the cause in 
certain BratiUan ca^es and Dodge notes the desirability of further com 
panson of the organisms found in Argentina and the Umted States 
Coccidioidal granuloma has also been reported from Merico Uruguay and 
Argentine 

A form knowD at pancocc d oidal granuloma baa been fouad eapeci ll}’ m Branl a d 
in «veral other parts of South Amenca Several tpeciea of Paracoutd 0 d a ha e been 
descnbed aa the caute Moore (ipsS) baa reported that a generalued form of the 
diaeaae nay be due either to the spec *»Pa ac tt4 otd t ira />rna a or to ^ lenuia and 
that a loealued form lovolving the buccal isucoaa ladue to A cnth form s Roienfeld 
(1940] baa found the tpeciea I f ent a to be (be common one and Inate (1940) hat 
found this species m Caracas 

Moore has class fied Pa acoectitoties m bia family Coecxd 0 Jeaeeat Conant and 
Howell (1941) who have compared a number of straina of blastotnyces isolated in 
north America with a number of straina of Parecocc dt td i isolated in South America 
the source not given find that Ih y differ only slightly in cultural aspects and mor 
phology and s gg st the terminology ol Blastomyces dermaltd dts and Blastomyces 
bra iltens s as they do not consider (be differencesotgenericinipOTtaoce Other m>co 
logists etain the former in the genus Co c dt ides 

Cocadtomycosts may start as a skm affection or first may become 
mamfest as a pulmonary lesion From either atrium of infection gen 
erahzation may follow The skin lesions may be nodular ulcerative 
papillomatous or verrucous They often resemble those of tuberculosis 
with the presence of cold abscesses He fungi occur cither isolated or in 
giant cells It is this tendency to metastasis through blood and lymph 
channels that explains the seriousness of the disease The differentiation 
from tuberculosis syphilis and other fungus infections is made by finding 
the non budding cysts with endospore formation A wet preparation is 
entirely satisfactory for examination 

Complement fixation reactions with antigens prepared from cultures 
of the infectmg organism have been obtained but the reactions are not 
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species studied by Vuillemm was named Trtchosporon btegch The fungus 
may be easilj cultivated by inoculating the nodosities on Sabourauds 
medium In culture mjceiial growth occurs composed of arthrospores 
giving rise to blastospores, and in older cultures to ascospores Cases 
have been reported in which the beard and mustache have also been 
attacLed and in which (hey were matted together so that thej could not 
be combed Ma,nson Bahr reported a case in which the hairs in the 
affected part had a beaded and nodular appearance and the hair emitted 
a peculiar odor Jlicroscopicallj , the polygonal cells were y ellowish green 
or brown m color The infection may ettend to the skin and cause a 
sev ere intertrigo 



T reaimenl — Sutton and Sutton (1939) recommend that the hair should 
first be sponged w ith benzine to remov e all the gritty particles Chalmers 
reported excellent results by applying to the affected hairs a z per cent 
formalin solution m alcohol At mgbt a 2 per cent ointment of sulphur 
was applied A 5 per cent alcoholic solution of salicylic acid has also 
been recommended hlatison Bahr has also obtained success with a 
similar form of treatment 

Coccidioidal Granuloma (Cocadiomycosis) — ^The disease may occur 
with v^rracaas or ukeratirs }esions of tie skin sonsetnofs with jnvidve 
ment of the bones joints and -visceni The first case affecting a Brazilian 
soldier, was reported from Argentina in 1892 by Wernicke Later h‘S 
assistant, Posadas made thorough studjesoftbeparasite including animal 
inoculations Posadas first regarded the para ite as a Coccidium The 
name Cocadtotdes immtlts was later given it by Rixford and Gilchrist 
and the parasite was shown to be a fungus The first reported case 
resembled clinically mycosis fungoides In tissues more or less round 
cyst hke structures occur varying from 4 to Sou m diameter conUioiog 
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endospores and having a thick doubly contoured capsule These rounded 
elements ne\er shon budding m tissues Cultures of the organism on 
artificial media develop creamj white colonies appearing in 4 to 17 days 
on malt extract agar later becoming cottony and brown with abundance 
of chlamydospores (4 to 711) The hyphae are about 31X wide MacNeal 
and Ta> lor have noted endosporefonnation in anaerobic cultures Inocu 
lation of monkeys rabbits guinea pigs and imce with cultures give rise 
to the same cyst like structures with endogenous spores as noted in 
human tissues 

By the end of 1935 more than 400 cases of the affection had been 
reported with So per cent of the cases m the United States from California 
where the disease is reportable Scattered cases occurred in other states 
Dickson (1938) has reported upon valley fever or desert fever of the 
San Joaquim Valley as an acute coccidioidal infection The lesions of 
the skin resembled erythema nodosum and there was usually pulmonary 
involvement He thought that the infection was caused by inhalation 
of the chlamy dospores A great majority of the cases promptly recovered 
Brumpt has described a speaes C htslosportfcelhlarts as the cause in 
certain Brazilian cases and Dodge notes the desirability of further com 
panson of the organisms found in Argentina and the United States 
Coccidioidal granuloma has also been reported from Mexico Uruguay and 
Argentine 

A form known ai paracoccid oidal granuloma baa been found especiall}’ in Brazil and 
in leveralotherpartiof South Am«n<a Several species of ? r s <f s ha ebeen 
described as the cau e hfoore ( pyS) bas reported that a generalized form of the 
disease may be due either to the species /’arococcxf d tb at It nnr or toi* Itnuts and 
that a localized form lovolviog the buccal mucosa is due to P certhr^ormi Rosenfeld 
(1940) has found the species i tl cnrat to be the common one and Inate (1940) ha 
found this species in Caracas 

Moore has class fied Pts acoeetJtoides in bis famil) Cocciditiitaceat Conant and 
Howell (194 ) who have comi>ared a number of straj s of blastomyces isolated in 
north America with a number of strains of Paracoeadtotdtt isolated m South Amenca 
the source not given find that they differ only slightly m cultural aspects and mot 
phology and s ggest the terminology of fit r< myc id m M <fir and Blastomycts 
bra tl ns i as they do not consider the diflerencesofgenencimportance Othermyco 
logists retain tbe former in the genus Coccidtoiits 

Cocctdsomycosts may start as a skin affection or first may become 
mamfest as a pulmonary lesion From either atnum of infection gen 
erahzatioE may follow The skin lesions may be nodular ulcerative 
papillomatous or verrucous They often resemble those of tuberculosis 
with the presence of cold abscesses The fungi occur either isolated or in 
giant cells It is this tendency to metastasis through blood and lymph 
channels that explains the senousocss of the disease The differentiation 
from tuberculosis syphilis and other fungus infections is made by finding 
the non budding cysts with endospore formation A wet preparation is 
entirely satisfactory for examination 

Complement fixation reactions with antigens prepared from cultures 
of the infecting organism have been obtained, but the reactions are not 
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sufficiently specific to be of diagnostic value An allergic sbn reaction 
has been described from the injection of such an antigen but it is a ques 
tion whether it is reliable Kessel (1939) believes that active cases yield 
positiv e mtradermal tests, but the question of greatest uncertaintj has 
been with reference to possible cross reactions in cases of tuberculosis 
Hurwitz, \oung and Eddie have reported positive coccidioidal reactions 
in patients having no known coccidioidal infection 

Smith (1941) has reported that he obtained a positive reaction to coccidioidin in 
5 Cases o( CQcadioidal granuloma but no reaction to the antigen blastomynn In one 
case of Gilchrists disease only a moderately positive reaction was obtained mlh 
blastomycin and no reaction with Coccidioidin or sporotrichm He thinks that coc 
cidioidin is of value in confirming or denying the presence of the corresponding disease 
However Lewis (1941) points out that although coccidioidin appears to elicit speafic 
reactions it may be of limited diagnostic value in communities where the disease is 
endemic Farness and \\ oolley demonstrated that 90 per cent of school children in a 
district in California in which coccidioidomycosis is prevalent all gave a positive reaction 
to coccidioidin showing that the test there would be salueless Ja New lorl; how 
ever where coccidioidomycosis according to Lewis has not been reported no positive 
reaction was obtained 

Kessel believes that the skin test can be used as an aid to diagnosis but probably 
no more reliance should be placed on it than is usually given the tuberculin test Ift 
thinks that tuberculosis patients usually give negative reactions Nevertheless further 
careful atudies and confirmaUon of all this work is necessary before it can be regarded 
as conclusive \ cry little is know 0 as to the sourre of infection of cocadioidal gisau 
loma but the great resistance of the cultural spores and the occurrence of laboratory 
infections has suggested the inhalation of dried spores as the mode of inoculation rather 
than cutaneous entrance from dirt of plant material (thorns or prickles) However 
Stewart and Meyer have reported the isolation of the fungus from the soil 

It has been suggested that rodents may constitute a reservoir of eoceidieiioniycfsn 
and Ashburn and Lmmons have found that of loj rodents trapped m the desert around 
San Carlos Aneona 9 show ed gross pulmonary lesions in y pocket mice {Ptrotnaihut) 

I kangaroo rat [Dtpodomys) and r ground squirrel (CiIeHvr) Microscopically a totsi 
of 30 nodular lesions were found in the 7 mice and 1 rat In all of (he nodules the 
fungus cells were present either in small or in large numbers 

Stiles and Davis (1942) report an increase in infection of the lower 
animals not only m wild rodents but dogs cattle and sheep 

The outlook is generally unfavorable m the generalized form of the 
disease and death usually occurs within 3 or 4 y ears Of 24 cases collected 
by MacNeal and Taylor only 2 recovered A few patients have recovered 
following drainage or excision of local lesions 

Trealtnent is generally unsatisfactory but large doses of potassium 
iodide 20-30 grains 3 times a day well diluted have sometimes been found 
valuable \ ray treatment has been recommended for the local lesions 
also the injection of a i 1000 solution of potassium iodide A few cases 
have been treated with sulfanilamide but the results have not been 
encouraging In one case with a cerebral lesion death occurred after two 
months treatment with sulfamlanude Storts (1939) 

Rhinospondiosis — ^This is a polypoid affection chiefly involving the 
mucous membranes of the nose but also invading the ears the lacrymal 
sac the uvula and more rarely the mucosa of the perns 
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Dhsyagude (1941) has described a case in a Hindu m which the parasite was found 
in nodules scattered over the body and there nas no nasal or nasalpharyngeal growth 
It IS caused by a fungus RAtnosportdium seeben which was first 
reported by Seeber m 1896 in Argentina 

It was considered as a coccidial parasite but the work of Ashworth 
(19 2) proved it to be a fungus and not a protozoon The organism is 
found within soft ver> vascular raspberry hke tumor masses which are 
difficult to remove completely by reason of their fnabilitj and tendency 
to bleed profusely The youngest forms measure 6ft and the largest npe 
sporangia jooji in diameter they have a thick wall and contain thousands 
of nucleated spores The infection has been reported from India Cochin 
China Uruguay Argentina and the Umted States The mode of trans 
mission IS unknown but spores and ripe sporangia ma> be found in the 
nasal mucus 



Apparently a closely related organism R equt has been found in nasal 
cavities of the horse m South Afnca 

The course of the disease is a long one and there is a marked tendency 
for It to recur 

Satisfactory cultivation of the parasite has apparently not been 
obtained and the inoculation of ammals has not resulted successfully 
Treatment — The most satisfactory treatment has been found to be the 
removal of the polypi from the nostrils by means of the wire snare 
Wright reported that the tumors disappeared after intravenous injections 
of tartar emetic 

Blastocystis homia s — Ramsbottom considers Uus non pathogenic fungus as belo g 
ing (morpholog cally) to tie s me group as Rhmospondium Blastocysts are fre 
quently found in stool etam nations and may be mistaten for amoebae or other protozoa 
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They are particularly abundant nhere the amoeba Dtenlamocba /raji/ii is found 
(symbiosis?) B homints is a parasite of the Urge intestine It is a frequent contain 
tnant of cultures made in eTaminations for amoebae Brumpt reports this fungus 
found in so per cent of a series of stool ctanunations It vanes from 3 to is^iindiam 
eter and has a large central vacuole arhich does not stain dark brown as does the glyco- 
gen mass of todamoebo The protoplasm surrounding the vacuole vanes in thickoess 
in different sections of the nng and shows s varying number of nuclei Budding forms 
may be seen 

Blastomycosis — Blastomycosis of the American type or Gilcbrisls 
disease, is characterized bj granulomatous and suppurative processes of 
the skin and subcutaneous tissues and sometimes of the lungs and other 
internal organs Most of the case first discovered in the United States 
were in the region of Chicago but later they have been reported from 
many parts of this country Marhn and Smith (1939) write that cases 
have been found in at least i8 states They have also been reported in 
Canada Puerto Rico Cuba South America, and Europe The cases 
have been more numerous m males than in females The blastomyces 
have been found, especially in the pus from the lesions and sometimes in 
the sputum 

Gilchrist m 1896, described the organism causing human blastomycetic 
dermatitis as encapsulated and budding in tissues with mycelial forms in 
cultures Bodge has classified this yeast like fungus in the genus Zyme» 
etna Z demaMidts (usually however classified as Blaslomyccs demoitt 
idis) Other species have also been reported in blastomycosis as 
Cryptococciis gtlchnslt and Cryptoeoccus hominis (VuiUemm) in Europe 

In tissues there are found spbencal or «void cells singly or in groups varying froin 

7 to 2o>i m diameter Budding forms are common and the thick highly refractile 
membrane makes the cells appear as double contoured In cultures of Bhslopiycu 
dermahditu ott solid media there appean about the third day a small creamy prickled 
(coremia) colony which shows hypbae about m diameter Chlatnydospores (7 ta 

8 Siu) may be terminal or intercalary The asms in 8 spored No pellicle is formed 
on sugar broth The guinea pig is susceptible to infection but the mouse is more 
susceptible and may be inoculated cither mCrapenton ally or intratesticularly The 
infection is fully de\ eloped in the laboratory aoimal by Ih third week yeast like 
bodies being present in the tissue nodules 

The disease may start as a skin lesion or this may be secondary to a 
primary pulmonary invasion The skin lesions may resemble a verrucose 
tubercuhd a syphilitic gumma or a sporotrichosis lesion The exact 
diagnosis depends upon laboratory test In generalized blastomycosis 
the lung IS mvolv ed in more than 90 per cent of the cases and in skin 
blastomycosis it is secondarily invaded in about one third of such cases 
In primary pulmonary blastomycosis a bronchopneumonia occurs from 
which the infection may generalize There is less tendency to cavitation 
than in phthisis The sputum is apt to be blood stained and may con 
tain the fungus Next to the lungs and skin the infection most frequently 
invades the kidneys but the organism is not apt to be found in the urine 
unless there is invasion of the bladder or prostate Bone and central 
nervous sy stem mv olvement more rarely occur 
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Martin and Smith (1939^ who have analyzed the reports of 340 cases 
including 13 of their own recognize 2 clinical types of infection (i) a 
cutaneous one which proceeds as a chronic or subacute ulcerative process 
and which usually responds to treatment with iodides or radiation and 
(2) a systemic form a highly fatal disease characterized by pulmonary 
infection and wide spread distribution of lesions \ntibodies were found 
m the sera of some patients who were heavily infected See p 1194 
Prognosis — If the infection is of the cutaneous type and does not 
become systemic the outlook is usually good In cases with generalized 
infection and pulmonary involvement the prognosis is unfavorable and 
the disease highly fatal 

Martin and Smith (1939) found that m severe cases a hypersensitive 
ness to the fungus develops which can be estimated by cutaneous tests 



Fig so — Z dmlldi(Cglh it) D obi? c ntoured org n sm f und d 
my (blast my ) (From Bus hL ft H>d nd Montgomery ) 

and they think it can be reduced by repeated injections of heat killed 
vaccines They think it 10 dangerous to treat cases that are allergic to 
the fungus with potassium iodide and recommend treatment first with 

Treatment — Lord (1936) lays stress on the improvement of the general 
nutrition and the administration of potassium iodide The local cuta 
neous lesions usually respond to treatment with iodides or radiation The 
local lesions may be m some cases advantageously excised or aspirated 
drained and irrigated with 1 per cent copper sulphate solution or with 
lodme 

Bush (1941) has reported upon the treatment of a chronic generalized 
case of blastomycosis in which curative result was obtained with iodides 
and radiation with the Roentgen ray However large daily doses were 
necessary as 360 grams (23 gm ) daily Thedrug was given intravenously 
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They arc particalarly abundant where the amoeba Dientamotba /raji/u is found 
(symbiosis?) £ Aomi)iti is a parasite of the Urge lotestme It is a frequent coDUtn 
inant of cultures made in examinations for amoebae Brumpt reports this fungus 
found jn JO per cent of a senes of stool esanunations It vanes from 3 to iSfiindiam 
eter and has a large central vacuole which does not stain dark brotyB as does the g’y^ 
gen mass of ledamatha The protoplasm surrounding the vacuole vanes in thickness 
in different sections of the nng and shows a varying number of nuclei Budding forms 
may be seen 

Blastomycosis — Blastomycosis of the American type or Gilchrist s 
disease, is characterized by granulomatous and suppurative processes of 
the skin and subcutaneous tissues and sometimes of the Jungs and other 
internal organs Most of the cases first discovered m the United States 
were in the region of Chicago but later, they have been reported from 
many parts of this country Marlin and Smith (1939) write that cases 
have been found in at least 28 states They have also been reported in 
Canada Puerto Rico Cuba South America, and Europe The cases 
have been more numerous m males than in females The blastomyces 
have been found especially in the pus from the lesions and sometimes in 
the sputum 

Gilchnst, m 1896 described the organism causing human blastomy cetic 
dermatitis as encapsulated and budding m tissues with mycehal forms iR 
cultures Dodge has clissihed this yeast bke fungus m the genus Zymon 
ewa Z dermaUtidit (usually however classified as Blastomyces demalit 
tdis) Other specie* have also been reported in blastomycosis a* 
Cryplococeus itJc/irirfi and Cryptoeoccus homxnts (Vuillemin) in Europe 

In tissues there are found spherical or ovoid cells singly or m groups varying fie>R 

7 to son in dum ter Budding forms are common and tbe thick highly refraetile 
membrane makes the cells appear as double contoured In cultures of 
d<nnali(lihs oti solid media there appears about the tbird day » small creamy prickled 
(coremia) colony which shows hypbae about jm 10 diameter Chlamydo pores (? t® 

8 sti) may be terminal or intercalary The ascus to 8 spared No pellicle 1 formed 
on sugar broth The guinea pig is susceptible to infection but the mouse is more 
susceptible and may be inoculated either rntrapentoneally or wtrateslicularb The 
infection is fully developed »n the laboratory animal by the third week yeast like 
bodies being present in the tissue nodules 

The disease may start as a skin lesion or this may be secondary to a 
primary pulmonary invasion Tlie skm lesions may resemble a verrucose 
tubercuhd a syphilitic gumma or a sporotrichosis lesion The exact 
diagnosis depends upon laboratory tests In generalized blastomycosis 
tbe lung IS involved in more than yi per cent of the cases and m skm 
blastomycosis it is secondarily invaded in about one third of such cases 
In primary pulmonary blastomycosis a bronchopneumonia occurs from 
which the infection may generalize There is less tendency to cavitation 
than in phthisis The sputum is apt to be blood stained and may con 
tain the fungus hiexttothelungsandskin the infection most frequently 
invades the kidneys but the organism is not apt to be found m the urine 
unless there is invasion of the bladder or prostate Bone and central 
nervous system involvement more rarely occur 
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of human infection with cutaneous lymphatic lesions of chest wall due 
apparently to this same organism was observed in Manila and cultures of 
the Cryptococcus obtained 

Although the patient W3S only seen on tv o occasions there was no evidence of 
visceral invol ement and general infection and the lesion healed in several months 
after complete etcison and curettage The organism was definitely identified as a 
fungus (Torula) However for a long time it was described by a number of other 
investigators as a species of protoaoa Other cases of human infection with it have 
also been reported by Brault Negre and Bndre an) Ziemann In Negre and Bridre s 
case a cutaneous lesion resulted first in an abscess on the n ht hand After excision 



the wound healed but 1 ter a numb t of other small ab cesses occurred in the regio 
of the wrist whch also healed after inasion Shortly afterwards there appeared 
nduration of the lymph ve sets along the upper border of the radius This d ap 
peared several weeks later However later suppuration occurred in the scar The 
patient was then treated withuitectionsoffiodintraveoausly and c mpletely recovered 
Brumpt (1936) and Dodge ( 935) mention that instances of human infection with the 
pa asite may occur n divufnal who care for infected ammals and Stovall and Almon 
{ 9+0 say that the fun us has been nocubted into man Th parasite however 
appears to show no great irulence in human bemgs and there have been no reports 
of V sceral n olvement from it Man is p obaUy only an accidental ho t Nino in 
Argentina has reported an ulcerated cond tum of the face from which a generalized 
infecUon resulted wnth a spec es named Cryflocottus psch ofhylicus The organism 
was eas ly cultivated at ai 25 C and guinea pigs white mice and rats were successfully 
inoculated 
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as the compound solution of iodine U S P with admixture of sodium 
thiosulphate and Bush reports this was a convenient safe and efficient 
method for administering iodides 'The thiosulphate is added to prevent 
sclerosis of the veins 

MeDingoencephalitis — Dodge and Ayers isolated a fungus from the surfice of the 
medulla m a case diagnosed as meningoencephalitis The name given this parasite 



Fic asi — Blastom>co ease of Dr J D Bu h Alabama (C,oUTtesy Arch 
Dermat g.S>ph) 

w^iZym^nemaeapiultlinn Inthelesions onlybudding cells were found lacultures 
thin walled hyphae (3 s to 4n) were noted CKalmj dospoies developi>d from racquet 
mycelium Therelationshipoftheo»i,4iiisnitijff«to//i»waisnoCclear (Seebelo’) 

Lymphangitis epizootica has been recognized as a fungus infection 
especially of the cutaneous Ivmphattcs of the horse since 1883 when 
Rivolta described Cryplococeus /arctmtRosui as a cause of the disturbance 
The lesions which consist of nodules and ufcerations of the siin in situ 
ations nch in lymphatics are frequently found where irritation from 
rubbing of the harness may result The disease extends through the iyni 
phatics and is a chronic one It has been observ ed especially m Asia and 
more recently in southern and nestem Europe and northern Africa It 
was studied bv Tokishige in Japan in 1896 and m the Thilippmes m 1902 
bv the writer in an outbreak resembling farcy Four years later a case 
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United States in which they emphasize the enormous number of parasites 
seen in bone marrow preparations and they suggest sternal puncture 
studies for diagnosis In one of their cases the diagnosis was made 
before death 

Meleney (1940) has analyzed 32 cases of histoplasmosis of which 24 
have occuned in the United States Thirteen of the cases which he 
reviews ha\e not been published before He points out that the macro 
scopic patholog> has varied with the dtnical manifestations In most of 
the cases gray or white nodules or extensive areas of necrosis have been 
found in one or more organs and m the lungs abscess cavities or tubercu 
lous cavities have been encountered Caseation of the adrenals has been 
found in a number of cases and in 3 the adrenals w ere the principal organs 
or onlj organs mvolved Some cases have shown ulcers m the small 
or large intestine either very superficial or deep Nodules have also 
been found in the submucosa or deeper coats of the intestine In a 
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few cases occurrmg m mfants there have been no macroscopic lesions 
suggesting local areas of necrosis but the oi^nisms have been discovered 
in the spleen In a few instances the lesions have been confined to the 
skm The accompanying table of Meleney summarizes the distribution 
of the parasites In some cases the organisms have been limited to the 


necrotic areas In other cases they have been found widely distributed 
in the organs of the body which arc nch m reticuloendothelial cells 
He has since (1941) described two further cases which were of interest 


on account of the pulmonaiy features which before death had led to 
diagnosis of malignant disease and tuberculosis The correct diagnosis 
was not made until after death when it was found that the lungs were 
involved m nodule formation with cavitation Acid fast bacilli were 
tound m both cases but sections of the lesions revealed endothelial cells 
packed with the causative organism 

F 1 ^^942) and his associates have reported the first case from 

ngan Postmortem examination revealed a large mass behind the 
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I&stoplasmosis /laloplasma capsulalum — Darling in 1906 re 
ported in Panama 3 cases of fatal human infection caused by an organ 
ism descnbed as Iltsloplasma capsulaium The disease resembled in 
manj respects kala azat and was accompanied by splenomegaly and 
leukopenia The organism was first regarded as a protozoan Rocha 
Lima m 1912, suggested it was identical with Cryptococcus farcinttnosus 
Watson and Riley (tgjfi) reported the brst case of infection in the 
United States Subsequently 9 other infections were reported in this 
country of which 8 were m adults The ninth case which was reported 
bj Shaffer and his associates (1939) was m an 11 months old child and 
the tenth case, of Amolsch and War (1939), was also in a child of 8 
months Both cases were fatal and the organism was discovered in the 
spleen Reid, Scherer and Irving 11940) have reported 2 cases m the 
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liver with necrotic areas containing the yeast cells The organism was 
identified by cultures as Utshplasma capsulatum 

Henderson Pinkerton and Moore report a case in a man 70 years of 
age in which there was ulcerative enteritis a condition which has been 
referred to by Meleney m the anal>sis of other cases 

DeSIonbreun and Anderson (*939) reported an infection in a bull 
terrier m Tennessee the organism ^ing demonstrated in cultures of the 
blood before death and m the postmortem examination 

The infection was transmitted to >oung dogs both parenterally and 
by mouth, both w ith material from the original dog and by the inoculation 
of cultures Experimental infections have also been reported m monkeys 
and mice Hansmann and Schenkcn (1933) have reported the infection 
of guinea pigs rabbits dogs and rats with a species which thej named 
Uistoplasma Pyiforme Nifio m Argentina has described a Cryptococcus 
which caused a generalized infection originating from an ulcerated condi 
tion of the face The organism was cultivated best at a temperature of 
22-25*C but no growth was obtained at 37 C Guinea pigs whitemice 
and rats were successfully inoculated Negroni (1938) has reported a case 
from the Argentine Villela (1941) has reported the first case m Brazil 
which was in a child and which resulted fatally In this case there was 
diarrhoea with blood in the faeces and progressive emaciation 

Cifferi and Redaelli believ e that Histoplasma may be the cause of a 
form of dermatitis exfoliativa associated with lymphadenitis The fungus 
cells were found within phago^tes m the enlarged lymphatic gland# 
Brumpt (1936) classifies Cryptococcus farcmxnosxa in the same genus 
lltstoplasma together w ith Iltslophsma capsulatum On the other hand 
Dodge has classified Cryptococcus farctmtuosus under the genus Zvmonemo 
If one compares the cultures of these two organisms their diSerentiation 
is clear Crypiococcus farctminosus never produces mycelium m cultures 
and of the type which lUstopiasma capsulatum does Benham has recom 
mended the term Crypiococcus homtnts for organisms of the latter type 
Conant (1941) has made a cultural study of the life cycle of IMo 
plasma capsulatum and believes the fungus should be placed in the 
Moniliacca of the Fungi Imperfecti 

It IS not clear just what the relationship of the fungus which de 
Monbreum has isolated from the dog is to // farcmiiiosus IIiv iHustra 
tion of cultures of the dog species suggest it is a different one 

Diainosis Many of the cases show irregular fever emaciation 
splenomegaly leukopenia and anaemia Diagnosis by biopsy and the 
demonstration of the organism by microscopical examination or by cul 
lures of It are methods of choice when lesions are accessible Zarafonetis 
and Lmdberg have suggested that intradermal skin tests might be 
employed for diagnosis m which a filtrate of a culture of the fungus 
was used as an antigen 



fojta myctliiim it becomes Cry (aa ispotogenous jeist) When £nifemyc« 
loses the powe to form mycehuro it becomes Sd«*iiro«y«f a true yeast which never 
forms mycehum and reproduces by budding and the formation of ascospores (resulting 
from the conjugation of adjacent cells or by parthenogenesis) The false yeasts 
{Cryptacoccus) reproduce by budding but do not form mycehum or ascospores Castel 
law who place chief reliance on fermentation reactions in classification and gives httle 
atte t on to morphology presented an elaborate separation of species concerned m the 
vanous momi ases It is astonishing ho v many species are described m the literature 
based on a single cuta eous pharyngeal or pul^ aiy condition from which yeast litre 
bodies were noted Competent mycolo ists have in recent years stres ed cultural 
studies with various meiia as is re<]uired foe bacteria aloo„ ith determination of 
p thogen city Dodge has g ooped the more important of these mon ha parasites 
in the gene a C d Uanta and Synngo pora However Burt and Ketchum (ip4i) now 
rega d the genus Han f o as identic I with Candida 

Chmeal Types — (t) Besides thrush and perleche (mycosis of 
the angle of the mouth of young children with macerated whitish areas) 
we have moniliases of the perineal or 
inguinal regions of infants particu 
larly those poorly nourished Prob 
ably many of these monilias are 
saprophytic and only de\eIop m mdi 
vidualsofloweredresistance leasts 
are very common findings in the 
stools of normal individuals and 
these may find a suitable soil in 
cachectic children in regions adjacent 
to the anus Some of the so called 
body eczemas and dysidroses of hands 
and feet are associated with mom 
lias Many cases of athletesfoot 
particularly where the toes are closely 
approximated belong to the mom 
liases although by far the greater number of such cases belong to the 
Tingwoim group 

Dodge points out that gjxaes of Uantha ate pred m naatly saprophytic Of S3 
species referred to the g nusCo I Ilaniahybua the emay be noted Cwfe/Ion I picalis 
and C p Imonal a both of which were connected with pulmonary co ditions loadent 
to inspectio of tea dust inhaled by eipert grad „ leas Many of the species listed 
by Dodge are based on a single case and many of them fa 1 to sh w a y pathogenicity 
(and a e apparently sap opbyles) 

In the genus Syri i spara he class fics the species o26 n the classical fungus of 
thrush refe red to abo e In lb s same genus is classified Sy gaipera pa lo 
(l/« ihip 1 aia) which was regarded by Ashford for a numbe of years as the cause 
of sprue This d sease howe er is now recogni ed as a deficiency d sease closely 
related to petmc ous anaemia 

St u (1938) tmpbasiatslbeca etbaton dioaldtabe n describing as the etiological 
fact r yeast hke b dies which may be casually found in infl mmatory les ons of the 
sk onnthesput mo faeces unless they are dem nstraled to be pathogenic species 
n 1 omts ut that in many c ses it m st be kept 1 mind that many skm les ons sup- 
p sed to be due to fu gi are really bacten 1 { taphylococcal st eptococcal and even 
due to the colon baallus) that c ses resembling cutaneous bl stomycoses and sporo 
tnchoses have been f und to show monil a forms of fungi and m cases tesembli g 
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The prognosis is generally unfavorable when the fungus has become 
ttidelj disseminated Only a few cases of recovery have occurred 

Tep \TitENT — When the pnmary lesion occurs in the skin the infec 
tion maj sometimes be prevented from extending by ear[> exasion and 
curretting Negre and Brtdre found that incision of the abscesses did 
not result m complete cure until 606 (salvarsan) was administered In 
a case treated by Clemens and Barnes (19*0) in which thepnmar^ lesion 
was possibly an ulcer on the face this was healed after treatment with 
bismuth However this patient was also a syphilitic and the parasite 
was recovered from Ijmph nodes after death In one case reported by 
Meleney m which the cervical lymph nodes showed the organisms the 
patient recovered after treatment with neostam a pcntavalent antimony 
preparation Melenej believes that antimony preparations such as 
potassium antimony tartrate the ttivalent organic preparations such as 
fouadin and the pentavalent preparations such as neostam should receive 
particular attention m therapy 

The MomuASES 

There is a large group of fungus infections which have been attributed 
to various yeast like organisms many of which showmycelial development 





Fig ^54— rnif inytti k lltmint Myc«l at thread four r pe chUnydosporci 
and conid a >n tl e nt ddle of the picture (After Plaut ) 

in cultures The best known of these monihases is ' thrush in which 
greyish white membranous patches form on the mucous membrane of the 
gums tongue buccal cavity and pharynx chiefly affecting marasmic 
infants or feeble old people The fungus rarely attacks well nourished 
individuals 

On examination of a fragment of such membrane we find yeastliLe 
bodies which when cultured lend to show a yeast morphology on solid 
media and a mycelial one m liquids 

In stab cultures ol agar or gelatin ibere ar« found yeast lilte forms on the surface 
but lower down on the stab (partial oaygen tension) we have an outgrowth of mycelial 
threads showing budding The addition of cetract of carrots to the standard media 
promotes m>celial formation 

Although the generally accepted name for this fungus is IfoniAa aliicam (the naiO'? 
Oidtum albtcans was given at an earlier date — 1853) this albicans species has hew 
ass gned by diSerent authors to many Other genera of which might be mentioned 
itaccharamycts Mycoderma Endarnyctt 2f}cor«rKla and Pemafium Henrici has pre- 
pared a table which gives a simple differentiation of the yeast hVe organisms often 
referred to m moniUasis literature In £*i«wye«t there are both mycelium and budding 
celiS the myceliuia forming asci fnsion of contiguous cells Losing the power to 
form ascospores the fungus becomes a Ifenrfm Should a i/« ifio lose the power to 
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form mycelium it becomes Cryplaco aa (an asporogenous yeast) ^\llen Endomyces 
loses the power to form mjcelium it becomes ■SnccA ramyces a true yeast which never 
loims mycelium and lepr^uces by budding and tbe (otmation of ascospoces (resulting 
from the conjugatnn of adjacent cells or 1 ^ parthenogenesis) The false yeasts 
(Cryplacoccus) reproduce by budding but do not form mycelium or ascospores Castel 
lani who places chief rcbance on fermentation reactions m classification and gives httle 
attention to morphology presented an elaborate separation of species concerned in the 
various monil ses It is astonishing bow many species ate desc ibed in the literature 
based on a single cutaneous pharyngeal or pulmonary condition from which yeast like 
bodies were noted Competent roycolo^ts have in recent years stressed cultural 
studies with waiious meda as is ie<}uiied for bacteria along with determination of 
p thogenicity Dodge has grouped the mote important of these monilia parasites 
in the genera Cast lljHia and Syriniespo a However Butt and Ketchum (194 ) now 
regard the genus I/0 ilia as identical with Co dxfo 


Clinical Types — (i) Besides Ihrush and perleche (mycosis of 
the angle of the mouth of young children wtth macerated whitish areas) 
we have moniliases of the perineal or 
inguinal regions oi infants parlicu 
larly those poorly nourished Prob 
ably many of these mondias are 
saprophytic and only develop in lodi 
vidualsofloweredresistance \easls 
are very common findings in the 
stools of normal individuals and 
these may find a suitable soil in 
cachectic children tn regions adjacent 
to the anus Some of the so called 
body eczemas and dysidroses of hands 
and feet are associated with mom 
has Many cases of athletesfoot 
patticulaily where the toes are closely 
approximated belong to the mom 
liases although by far the greater number of such cases belong to the 
ringworm group 
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Dodge points out that species of ilvnilia a e ptedommantly saprophytic Of 53 
species efecred to the genus C / f/oniaby him there m y be noted CasleUamal op cal 
nd C piilmo alls both of which were connected with pulmon ry conditions incident 
to 1 spection 0! tea dust mb led by experts grading te s hlany of the species bsted 
by Dodge a e based on a s ngle case and many of them fail to show any pathogenicity 
(and are apparently saprophytes) 

In the gen 5 -Syringe p u he das fies the spec es 16 ns the classical fungus of 
thrush referred to above In th s same ge s is classified Sy I p ra psilosis 
(Mo Ita psilos ) which was regarded by Ashford for a numbe of years as the cause 
of sprue Thi disease however is n w recognized as a d ficiency disease closely 
related to pernicious anaemia 

Stitt ( 93S) emphasizes the c te that one should take in destnbmg as the etiological 
t ctor yeast like bodies wh ch may be casually found in inS mmatory lesions of the 
skin 0 in the sputum or f ecs unless tb y are demonstrated to be pathogenic species 
He p int out that mm y ca es it mu t be kept in mind that many skin lesions sup 
posed to be due to fung are really b ctenal (staphylococcal streptococcal and even 
d e to the colon bacillus) that cases resembling cutaneous bl stomycoses and sporo 
tnebo es have been fo nd to show momha forms of fungi and m cases rescmbhng 
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chrome bronchitis or pulmonary lobeiculosis* great number of moniha speaeshm 
been repotted Vaginal discharges may also be due to speaes of moniUa asnellas 
to Trichomonas vaginalis 

Torulosis — Another ill defined group of jeast like fungi with patho- 
genic properties are those listed m the genus Toruh in which the organisms 
reproduce only by budding do not produce mycelium or endospores and 
do not ferment carbohydrates They rarely if ever cause lesions of the 
skin but appear to ha\e definite afltmties for the tissues of the centra! 
ner\ous system and the lungs though they may produce destructue 
granulomatous lesions m other organs of the body The respiratory tract 
IS regarded as the probable portal of entry 

Freeman (1931) collected a number of cases of central nervous system 
involvement which suggested neoplasm or encephahtis but were asso- 
ciated with the presence of yeist like organisms Torula h\stol}tica 

Dodge has called this organism Cryptococeus htslohlicus Crypiococcus hislohheus 
reprodurts only by budding the yeast Iite cells averaging 3 to 4 m in diimefer The 
whitish to yellonish colonies on glucose agar appear heaped up smooth pasty shining 
and thick They do not cause fermentation pelbcle iormstion or liquefaction of 
gelatin The atrium of infection is probably pulmonary The brain lesions consist 
ot tubercle like formatioos and the lungs often show the same tppearaoce Skin 
involvement is questionable In a case reported by Harnson (iprS) from a cystic 
blastomycosis of the cerebral grey matter the organism liquefied gelatin after s6 days 
Dodge has named it C metimfilidis 

The involvement of the cerebrum and menin(,es in torulosis suggests 
a brain tumor particularly because of the eye symptoms such as choked 
disc A diagnosis may be possible by finding the yeast like organisms 
in the cerebro spinal fluid Brumpt places the fungus of torulosis m the 
genus Torulopsts (/ Jtislolylua) Stoddard and Cutler Ilirsch and 
Coleman hlassee and Rooney and others have reported further cases la 
the United States The prognosis is usually unfavorable The treat 
ment has been unsatisfactory and th» infection can only be treated 
sy mptomatically 

The genera Cryplococciis and ttalasse la arc often placed in the group Saccharo 
mycetaceae Imperfectae (perfect stage unknown) As regards Malasse la Dodge 
states that it is uncertain whether this genus belongs with the yeasts or the dermato 
phytes As the very common sLm lesion pitynasis versicolor is generally grouped 
with the dermatophytes it would seem more convenient to deal with ilalossi la under 
that groupmg 

Fungi Imperpecti (Hyphoiiyceies) 

Saccardo classifies under Fungi Imperfecti 3 mam groups Sphaeropsideae Melan 
conieae and Hyphomycetes but of these only the Hyphomycetes are involved in human 
pathology Very confusing is the fact that in this class of fungi various workers have 
assigned to different stages of the same fungus different genenc and specific names and 
another difficulty is that in the Hyphomycetes the complete life cycle is not entirely 
known 

Pitynasis Versicolor (Tinea Versicolor) — ^This very common skin 
aflection is charactenzed by dirty yellowish brown spots occurring upon 
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covered parts of the bodj especially under the clavicles These spots 
are soKietimes lefeiied to as tiNcr spots The plaques are not elevated 
and do not show inflammation A vigorous sweep of the thumb nail 
superficially across the patch (a sterile instrument is preferable) does not 
bring blood (Stine da coup dangle) The scrapings provide matenal 
showing an abundance of mycelium and spores of \falasse ta Jurfur 
The hyphae are from to 311 in diameter and the spores from 3 to 8*i 
The spores are \ er> refractde and ma> show budding 

On gl>cerin agar tiny white drops appear after a week On Ssbouraud s medium 
the pnmaty growth 1 eTceed ngly sl>w months may clap e before a colony the size 
of a nee gram la formed Castellam insists lhatthe species found m tropical countnesis 
MalAss j tropica giving rise to Ttiua fata He also desenbed m Ceylon a form of 
Pijjriaii *1 1 0 which gave use to black spots upon the skm and from which be repotted 

the isolation of the species Cl dospenum mans m 

Treatment — ^The skin should be thoroughly cleansed daily b> scrubbing 
with tincture of green soap and then sponged with a saturated aqueous 
solution of sodium thiosulphate Further treatment for se\ere infections 
maj consist of daily applications of Ung hydrag ammoniat dram 1 to 
theounce Suchtreatmenlissatisfactonlveffective The undergarment 
should be sterilized to prevent re infection 

Erythrasma — Tb » is sometime conf sed with p tynasis but is a dist ct skin 
affection wh ch 1 caused by Ul n nyecs m n I ssimiis (1/ c otporon nt tulissi u ) 
The mycelium averages tw m diameter often fragmented into bacillary arthrospores 
Cultures are u uall) n gacive Erylbrasma spois are dark red to brownish (usually 
ID the groin reg on or axilla) It ts often confus d with tnchophytos s or liehe as 
well as with tinea versicolor The treatment is similar to that for pityrias s 

The RtNcwoeu Skin Affections (Tinea) 

Definitioa — Contagious mfccUotis of the skin hair or nails produced 
by various fungi These dermatomy coses mav vary greatly climcally 
even as regards nng formation but are grouped together because they 
tend to involve only the epidetmis The chief parasitic fungi invading 
the superficial skin layers belong to the family Tnehophytoneae 

Dodge cUs iffes these dermatophytes as probably impe feet stages of Gjmno 
asc ceae Sabouraud s cla sifiralion of these fu gi here accepted s based on both 
clinical and mycolog Cal ground and has been the gu de of most dermatologist for 
the P St 40 y ars ot\ itbstandi g nume ous valuable stud es and cl s iScat ons made 
by Castellam and Chalmers (1919) yuinemin (19 $) Langeron and M lochevitch 
( 930) a d others 

Tke ringjorms tnvahing both sedp and ffoironj skin ate classified as 
the endothriv group the ectothnT group the microsporum group and 
favus 

The Endothnx Group — ^It is usual to divide this group into an endo 
thrit and a neo endotbnv group In the former the hyphae are confined 
to the interior of the hair while m the latter m addition to hyphae in the 
interior we have a few hyphae growmg along the outside of the hair 
Arthur IVhitfield notes that early in the invasion of the hair we find the 
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fungus in the root sheath as well as wUhin the hair but the external ones 
soon die out, leaving, only the hair invasion In the so called neo endo 
thrix infections, the invasion of the root sheath continues for a longer 
period 

In the lIalmsUni(i suUyPe of nngwonn of the scalp (Trtchophylon tonsurans) we 
have many normal hairs in the am of alopecia and the diseased hairs project from > to 
4mm above the scalp surface Thescalescovenngtheaffectedspot if gently removed 
shoiv flattened diseased hairs lying beneath them often assuming bizarre shapes This 
infection rarely itches It is a di ease of young children and disappears at puberty— it 
has been suggested that gonadal activity explains the age exemption It 1$ very con 
tagious The quadrangular cells of the hyphae (often called sporesl are 4 to 5 m long 
A powdery cratenform growth results on Sabouraud s medium Guinea pigs can be 



infected This ringworm also occurs on the lace nect und hands of children »bo« mg 
the infection as red areas with little vesicles or papules It has been reported occasion 
ally from cases of otomycosis and onychomycosis 

The Sabouraudta subtype 1 caused by Trichophyton sabouraudi {T acumnatum) ana 
IS quite common in western Europe but of less frequency than the hlalmstenia 
tonsurans The hairs brealr off cl^ to the scaly scalp patches and show as blach dots 
on the scalp surface It may cause a tnebophytosis of the bands and secondarily of 
the nails It may invade the beard Tbealeurosporesare from 5 to Ju in diameter and 
very fragile Cultures are rather cupob like 

The Ectothni Group — In this group mjcelium is found both within 
the hair shaft and in the root sheath surrounding the hair The designa 
tion “ endo ectothnt has also been used for the cctothnx group Sabour 
aud separates a megilospore and a microides subtjpe The chief species 
of the large spore group is Megatrtchophylon roseum which is rather com 
mon in the north of England where its spread seems to be through the 
barber shops rather than from contact with anunals It has spread 
rather widely since the war being reported from Prance Germany and 
in the United States particular!} Philadelphia 

The lesions are of the skin or of hair foUicles but chiefly of the beard 
and are rather dry showing no tendency to suppuration 
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In the nucroides group ihe common fungus is Ecletnchgphvlon menluirophyles 
{Tnch phyton gypseum var asltreides) In sycos s vulgaris ( barber s itch ) the 
lesions consist ol a ioUiculitis nl the scalp 01 K^ions the beard complicated by v iec 
tion in addition with pyogenic coca The mflammation results in a suppuration of the 
foil ties containing the dead hai s nu same fungus when it invades more deeply 
the tissues is probably the roost common cans of kenon in which on the glab ous 
skm we have patches riddled with opemngsftDtO which pus ooaes on pressure These 
patches are often on the backs of the hands or forearm in addition to the scalp and 
occur frequently in those who w ork with horses % hen on the face or scalp the affected 
hairs can easily and painlessly be eitracted from the root sheath they are however 
quilt brittle and may break off Epilatioa ef the infected hair shafts is indicated 
On mounting m caustic potash solution we fnd strings of sfores (sm) on the hairs 
ertracted from the pe ipbery of the le^on or in the pus The sheath at the base has 
spores varying greatly in s ze (a to iim) The roicroides spores of the sheath may be 
confused with the small spore sheath of if <rinporum audoutnt but the former are 
arranged m cha ns while the latter show masses of polyhednc spores about 311 in d am 
eter Sullon and Sullon (1939) recognize a deep chronic infection sometimes resulting 
in a gr nulomatous type of eruption 

The MvctospOTum Group -These small apoted ti gworms { tie scalp are the most 
common ones in France and the United States It is customary to recognize a human 
type which is important only (or the scalp as the lesions which may appear on the 
glabrous skin of the neck are rather insignifi ant and come from scalp transfer It 
docs not invade th bead The name of lbs fungus is umad The 

are so! alopecia of this human type show greyish scales coven g an area with definitely 
outlined borlers and covered with diseased hairs broken off about 3 to 4 mm from the 
scalp surface The area neve shows any normal hairs On epilating one of these 
greyish stumps of hair v « note a wbush collar of polyhednc spores (a to 311I which 
never penetrate the shaft of the ha r The spores f othe common types of scalp 
nngworm tend t be larger ($ to 7v) Tbs infection attacks young children almost 
exclusively and Crumpt advises us to think of an animal ong n when we find one of 
these small spoied ringworms in n adult The human type r rely c uses even super 
ficial pustulation Of course tbs may occur from bacteiul infection in scratching by 
the child Castellani ( 934) reported that the speaes If seal c 1 s (Bodm) 1 ad to 
permanent alopecia m Ceylon and Cbna 

The anunal species of MierosforuiH (ffe&euraudiCes) which have been chiefiv studied 
are tho e belonging to the horse the dog and the cat That of the dog if cams {if 
I nosum) produces both tinea tonsurans and clKinate herpes m both cbldien and 
adults The les ons ate generally scaly and dry The cultures grow more rapidly 
th n (hose of the human type and they show more abundant fuseaux The cat species 
(If fel n<u ) seems to prefei the glabrou skin producing dry erythemat us les ons 
which may go on to pustulation Some ier o saredue to the Cat ringworm Itgrows 
ery rapidly m cultur s It is common m England but less s in the United States 

Favus —This disease usually affects the scalp hairs although invading 
the glabrous skin and nails It js characterized by golden >eEow cup 
shaped crusts (scutela) which form about the hair follicle onfices The 
scutulum IS made up of tangled mycebum surrounding the hair with 
verticle mycelium externally and underneath a pus cell layer The 
scutula may remain isolated or form dirty crusts on coalescence If this 
impetiginous crust is remov ed the yellow color appears The odor of old 
favus lesions is that of a mouse nest The causative fungus is commonly 
Ackorton schoenUsm (firubydla) However Weidroan (1937) distin 
guishes fi\e speaes Ackorton sikoetdtsnt gaitinae qutekeanum gypsum 
and PKjIaceum The evolution of the condition is slow Some European 
dermatologists believe that the disease is contracted only during infancy 
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but that once it is acquired it nner disappears entirelj spontaneously 
Hoive%er Brumpt reports that there are exceptions to this latter view 
Sutton states that no age is exempt from infection It is moderately 
infectious and spreads bj direct contact 

The affected hairs are lustertess and greyish and n hile more fragile than a normal 
hair can be epilated entire Scamog may result The favic hair is filled with air 
bubbles Tbe septate hyphal chains \aTy greatly in diameter (2 to 511) Cultures on 
Sabouraud s medium are like yellow beeswat and resemble cerebral convolutions 
The growth is much slow er than that of Tnchophil«n and on microscopic examination 
there are fewer fuseaux On the glabrous skin we may have scutula but more com 
monly scaly patches The invoKement of the nails is rare and always follow s lesions 
elsewhere (scratching) The toe nail are aery rarely attacked In the absence of a 
prior human case one must suspect infection from an animal source particularly from 
mice and caused by i4cAorton ffinm This is a senous favic di ease tn mice attackio 
the head and leading to blindness In the human infection the lesions are common 
on the body (hke herpes circinatus) and also on the head It is reported as common in 
Germany less so in England and France The classical favus is common m China and 
central Asia but rare m Japan England and America In the United States cases are 
more common m immigrants from Eastern Europe and it is also common in Mexico 

Eczema Marginatum and Ring;wonn of the Hands and Feet— The 
abo\ e epidermophy loses are characterized b> in\ asion of the horny lai ers 
of the epidermis alone The ringworms of the hands and feet are generally 
caused by Eptdtrmphyhn tiiUrdtiitale and Hcbra s eczema marginatum 
by E fioccosum {E cruris?) 

EpiDERMOPimov and Endodermopiivtov Inpectiovs 
We may separate the ringworms of the genera Eptdermoph)ton and 
Lndoderinoph\lon from those just considered by the fact that they do not 
attack the hairs Even in tinea imbncata when the Endodermopkyion 
spreads to the scalp it always respects the hairs In Epidermoph^ton 
infections the fungus is found characteristically in the stratum corneum 
of the epidermis while with Endodermophyton the typical location is 
between the stratum corneum and the stratum lucidum of the Malpighian 
layer of the epidermis These fungi never invade the conum 

The EptdermophjtoH dermatomycoses are wide spread in both temper 
ate and tropical climates while the Endodermophyton ones are strikingly 
restricted to the tropics Manson s descnption of the fungus of tinea 
imbncata (Tokelau ringworm) from his studies of the morphology 
of the organism as seen in the scales and his accurate report of the clinical 
course of the infection following human inoculation is a classic 

The two genera are best differentiated culturally In cultures of 
Eptdermopkylon fioccosum there is a profusion of club shaped clostereo- 
spores (fuseaux) often in groups of 5 to 7 and divided by about 4 septa 
With Endodermophyton there are no fuseauz 

Tinea Crixris 

Epidermophyton Infection — Under the name dhobte tlch this fungus 
affection is probably better known to Europeans than any other tropical 
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sUn disease The name dhobie or washerman s itch has been given 
on account of assoaatmg it with the infection of the underclothing while 
being washed with the garments of those who have the affection This 
view probably has some foundation hut it has been difficult to venfj it 
Hebra described the condition as eczema marginatum in i860 and since 
that time \ ery little has been added to his clinical description It is also 
known under a variety of names some of which are the following derma 
titis bullosa plantaris dermatitis nmosa Hong Kong foot eczematoid 
dermatitis dermatomjcosis tinea circmata etc 

Epidemt legy — The organisms ol dhobie itch seem to be ' ide spread if not ubi 
quitous They are exceedingly common on tbe feet This mycosis spread amon the 
inmates of schools barracks and gymnas msand may be passed along by bathtub and 
bathing tanks Tbe fungi live for long 
periods in s>oes slippers and socks nnd 
may he acquired from towel or perhaps 
by shakinc hands Someindividuatsseera 
to be more susceptible than others and it 
has b en su rested that differences in this 
respect may be due in part to the different 
activity of the sweat glands 

S\mptomalology — The favonle 
site 18 the crotch although the 
aullaiy region is alao frequently 
involved The process starts as 
minute papules but these rapidl> 
develop and give rise to angr> red 
swollen patches with sharp1> de 
limited margins These red fes 
tooned patches are usuall> limited 
to the peimeum scrotum and 
inner surfaces of the thighs The 
Itching IS often distressing and 
many secondary infections or eczematous lesions result from the fierce 
scratching of the parts If the patient goes to a cooler place the process 
ma> subside onl> to return when he comes back to the hot moist climate 
where the infection was onginally contracted 

In some cases the fungus invades the region between the toes and gives 
risetover> intolerant itchingand fromsecondarybactenalmfections toa 
condition known as mango toe Other favored sites for the growth of 
these fungi are along the outer and inner borders of the fool in the plantar 
concavity opposite the instep and in the crease between the buttocks 
The lesions on feet are well known under the designation of athlete s 
foot The> frequently spread mto the interdigital spaces of both hands 
and feet thence spreading to the palms and soles Eczema pompholyx 
cheiropompholyr and a number of other names have been given to these 
hand and foot manifestations 

Dodge gives £ as Ihepnnapil cause of ep d rmophyto s of hand and 

feet and £ / ccosum as that for eczema margmatum The growth of the interdigital 



Fiv aS7— Tn u (From Maye ) 



1X70 


CRURIS 


fungus IS more rapid lhan that of the one affecting the tnguna! and ptnneal lejiors 
Vunierous cases of Ec etna mariinatum and ettensive Jichmified eruptions of the tfin 
have been reported in the J ar East and in the United States as due to the speaes 
Tricfte/hvfan (/>i<f/Hrejm) r«hrM« byLenris Montgomery and Hopper (tosS} and by 
btvarte and Conant (1940} In the body nngwortns scrapings should be obtained 
from the borders of the fesions andin Iheinteidigitalones preferably from the smafl 
grayish blue sago grain ble vesicles jf present The juateriaJ sbouJ J be cultured and 
tsamined microscopically in caustic potash mounts 

Dnijne IS — Tbe diagnosis of mycotic affecuoos of this type should always be con 
firmed bv the microscope Eortunately the microscopic diagtios a « quite simple and 
usually successful \]] that is necessary is to take a small portion of epidermis from 
the peripfery of the lesion or the roof of the vesicle and immerse it for a suifiuently 
ealeoded period Oa to aa hours) in a 15 per cent solution of ^ 80 ^ Thisis done on a 
slide the preiaration being covered vritb a cover glass and sealed with vasebne if the 
longer period of observation is required The larger the portion of epiderrois taken 
for eTsminalion the longer the tune required for a atisfactory clearing Figure ifS 
shows the appearance of the moulds in such a preparation 

/’mjbmw— I rcept through supennfecUoD these mycotic affections se never 
dangerous to life The fungi imprisoned in stales have been said to survive for overs 
year so that a patient might be reinfected from his own shoes slippers etc As the 
OTgamsms multip y in the epidermis they may Jive and carry over infection to more 
favorable sues without ever being thrown off from the skin Htrce the advantag of 
using medicaments in the chronic forms of mytosis which w ill keep the lesions desqua 
mating mildly 


Trealmvit — Tincture of jodine and saltcyJic and have been found oi 
great value m the treatment of this group of mjeoses tVben the lesions 
are fulminant and bactenally infected, the tn/lammatjon may be treated 
with mild antiseptics and of these potassium permanganate solutions have 
A nell deserved reputauoa 

Stitt bebeves that the other types are often favorably treated with tinctureof iodine 
either full strength or diluted to suit the case Tor chronic mytosis of the feet^ a 
thorough painting of the sides pjaolarsurfaceand between the toes paving parlicu at 
attention to the toe nail once every two weeks will te p the condilwa subdued when 
nothing else will serve In such cases the cautioo should he observed to stop the action 
of the iodine after from lO to 15 minutes by immersing the foot in water and scrubbing 
vigorously with soap This treatment tirs^ uperGciat desquamation duri'X' the 
following week An ointment of cold cream applied at night will facilitate this treat 
ment All vesicles should be punctured before applying the tincture of iodine hofi 
corns are freqjenliy sucecs fully treated with tu'cturt of iodine 

A tommon method of applying salicylic acid in this class of mycoses is in the form 
of Whitfield s ointment It is composed of salicybc acid d per cent benaoic acid rr per 
cent in vaseline The ointment may be used ftiH strength or diluted 

Other medicaments which have beenmowmendedare thymol, resorcin ammoniated 
mercury eucalyploJ phenol and thymol iodide (aristoU 

■Manson Bahr and others have recommended in severe cases cbrysophanic acid 
omtment 20 grams to the ounce of vaseluie repeated twice a day untila slight crylnema 
shows at the edge of the diseased edge Chrysopbanic aad however will stain the 
clothing and its use must be discontinued ns aooo as the erythema appears as it » very 
vmUlias acd should not be used on the face It may be combined with chloroform and 
liquid gutta percha and painted on the skin with a brush on alternate nights 


Aad chrjsophan 
Chlorof 

Liq gutuperchae 


gr XX {i Jgno) 

5i 0 s « ) 
3f (sSaacc) 
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A synthetic pt parinon of chrysarobm whidi la lno«s as ngnohn is said to be free 
from tone action on the kidneys and can be applied to the scalp without danger of 
conjunclmt 8 It is frequentfy prescnbedwith tar as lO the following presrription 

01 tadin (deod) m*l 0 368 cc) 

CignoUn gr »v (o 259 grm.) 

Beneot leet Si (j8 4* ec ) 

Another preparation especiatly recommended for treatment of athlete s fool W 
merthiolate cream Eli Lilly & Co 

The infected patient should take esery precaution igainst the spread of the fungus 
and should wear fre h paper slippers whch can be burned 

X ray therapy has been reported as of great value particularly in cases in which 
the infection invot es the fingers or to* nails It has also been especuUy employed m 
Tinea tn/eclion «/ (1 e leslp m children where it is oft n essential for successful treatment 
to remove the infected hair V>ise and Sulzbeig r (1937) state X ray epilation is safe 
and sure it done bv an expert 

Applications of banum sulphide with eijual parts of ime oxide and starch moistened 
and appi ed for a few m nutes (otdy) has sotnetimcs been employed while other derma 
tologists have performed epUation with forceps Foimerly the production of a temper 
ary allopecia iQ the treatment of nngwo m of the s alp hy the admuistratioo of acetate 
of thafhuTa was noted However as Saboutaud demonstrated this substance is most 
poisonous in overdoses the tone dose is near to the d se eihcaeious for the production 
of epilation and a number of deaths followed its use It is believed th drug has an 
elTtet on the endocrine system as well as on the sympathetic nervous system Iodide 
therapy is advisable as an ant dote in poisening It is now recognized that no one 
over st years of age can be gives the drug witb safety Ingram recommends a single 
dose of not over 8 S mg pec kilogram of weight The dose should not be repeated (or 
at leest two months Tbehai I os na and (alls out from 1 to X4 day after the drug 
has been taken and the new h ir begins to grow by tbe i$th day This method of 
Ireatn cut is at patently still employed extensively in parts of Russia and m Spain and 
Mexico to aless e t nt in England and the United Stales Tetcival (1931) states 
that the average durat on of the course ol treatment with X rays is about 133 days 
while that f acetat of thallium is about 113 days Brumpt bell vts that m certain 
nir I dijtn U where X ny treatment cannot be obtained the acetate of thallium is the 
most pract cable method of treatment 

Treatment with v ccinc made (torn tbe fungi have not definitely been proved of 


TujEA lUSBICATA (^IaLABAR llCJI TOXELAO) 
Endodermophyton lofectioa — ^This form pi tropical ringworm is found 
chiefly in the islands ot the South Pacific and m the Malay Archipelago 
It IS also lotind in southern China southern India and Cevlon It has 
been reported from Colombia Brazil and from Guatemala by Figueroa 
and Conant (1940) 

On account of the disease having been earned from the Tokelau 
Group to Samoa it is often designated Uketau Manson was the first to 
recognize the affection as due to a fungu which he demonstrated micro 
scopically in the scales The speabc cause of tokelau is Endodermothvton 
concenincum (Trtckophylon conccnlncutn) 

He was also able to traosnnt the disease by inocultUon tapetimetiks 
and found that after about ten days a raised btowmsh spot appeared at 
the site of inoculation This spot incieased in size until when about one 
fourth inch in diameter its central portion became detached thus giving 
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nse to se\ eral thin, rosette hke scales, free at the center but stiil attached 
penpheraUj The fungus advances penjAerally, leaving a smooth sur 
{ace within Also there is a similar process developing in the ongiaal 
central spot again to Jorm a circle of scales withm the older and more 
peripheral atcle The process is repeated until several rings of scales 
are formed each originating from the central focus as concentnc ripples 
form on w ater from the fall of a pebble 

These scale circles are from one eighth to one half inch apart and give 
a festooned appearance to the affected ^in It was formerl> supposed 
that the causative fungus was Atpergtllus concentrtevs but Castehani has 
demonstrated that fungi of this genus, when present are merelj aca 
dental He has isolated m cultures what he considers the causative 
fungus Endodermophylon eontentneum Scales were treated for lo nun 
utes with absolute alcohol and then a single scale was placed m each of a 
senes of tubes of maltose bouillon 

The fungus grows between the tete malpighu and the ettcrnal epi 
dermal lajers forming a network of mjcehal threads about 3 microns 
broad 

Another fungus that has. been cultured from tinea imbncats scales is 
ph)t»n ITnehophyton) «n<fi.cK»i Inoculation of this orgvnisn m purr culture has 
produced disease 

Da PoBseca has liolated m Qn«{ from a dcrmitosii called chimh<r« a spears 
which be named rncAtf/Ajion roquttut It u perhaps ideuticil with T anetnlrutt'm 
The charactenaties of the geaus tttdodermcpiijton are The growth of a m>celia! 
network between the rrte matpighu and the superficial epidermal lasers in cuilurM 
only mytehal filaments ate /ovmd there are no cooidia beanngb/phae Conant (^40) 
thinks the genus EnJoditmophitaH should be dropped aal the organism eJasaheo in 
the genus Trichophyton as in earlier years , 

When this skin disease is inttoduc^ into a country >nlh luBb relative husuoity ana 
fairly uniform temperature between 8o and 90 F »t spread* with great rapidiV n 
dsy climate or one showing considerable variations in temperature is not favorahie fat 
its spread 

Symphmatol<}sy — The dsnveal characteristic of ihis form of ringworm 
13 the presence of rosette like lesions of several concentric circles of shingk 
like paperj scales which are fited peripherally and free toward the center 
thus from its imbrications suggesting the name given it by filanson 
If one passes the finger over the affected surface from without inward 
there is no sensation of roughness but jf passed from the center outward 
the free borders of scales cause a sensation of roughness As these circles 
extend peripherally they meet the penpheraJ rings of other circles so tl^t 
\anous curves appear which give general appearance of watered silk 
The flaky scales are of tissue paper thinness and are of a dirty brownish 
gray color The generaE health of the patient is not affected but the 
rtthing IS very severe There w an entire absence of mSammatioa about 
this ringworm thus differentptmg it from the more common tropical 
ringworms Again the axillae and crotch are much more rarely affected 
than in other ring?^’orms as is also true of the face palms of hands and soles 
of feet The scalp is never affected Some cJaim that the fungus never 
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invades the nails but Manson states that this frequenti> occurs The 
presence of the fungu m a scale treated with to per cent solution of 
sodium hydrate differentiates the scales from those of ichthy osis Tinea 
intersecia is somewhat similar to tinea imbncata when fir t appearing 
showing dark brown patches but it net er shows the concentric rings The 
ordmarj ringworms prevent inflammatorj characteristics 
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Treoiment — A thorough prebnunary scrubbing with soap and water in 
order better to expose the fungus to curative applications is important 
Mansin recommended iodine bnimcnt This contains is^ per cent of 
iodine as against 7 per cent for the tincture The limment has also 
3H pet cent of gljcenne wWliisnot an ingredient of the tincture Both 
tincture and bniment have 5 pet cent of pota sium iodide The applica 
tion of the tincture does not seem to be as satisfactory as the bniment 
the stronger preparation being more effective 
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Chrjsarobm is vco effective but verj irritant and has to be used nib 
care An application of a 5 per cent solution of chr> sarobm m chloroform 



to the affected area thenpamtinj it oser with a 50 per cent aqueous solu 

tion of JchthjoJ often gives good results Some prefer a z per cent to 
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5 per cent ointment of chrysarobm Chtysarobin produces a conjunct! 
vitis if used near the eyes Again if absorb^ it may act as a renal irritant 
The more modern preparation known as Cignolm (Bajer) may also be 
employed 

Cdstellani stronglj recomme ds Ibe use of resorcin m t ncture of beniom (6o to tio 
grams of resorcm m i ounce of Imcture of benzoin) Either lemedj alone has \ery 
Uu!e tCect the combmaUon be ng fttoes 4 cy The appl cation is made once o t\ ice 
daily In add tion to this t e tment the patient should be scrubbed with sand oap 
and hot water twice a week As regards prophyla^ the clothing should be bo led or 
bu ned The natives attach value in preventin the disease to anointing the body with 
eocoanut oil 

The Asfeugilloses 

Various affe tions of the sLin (induding the mycetomas) and of the 
ear and lungs have been reported as aspergilloses The AspergiUaceae 
family to which belong the very common saprophytic fungi of the genera 
Asfcrgt/lus and J’entetlhum frequently cause contamination of bacteno 
logical plates and other cultures 

These colon es together with those of the yeasts mucors and spore bearing bactena 
should be fairuhar to every laboratory worker Just as the various species of the 
AspergiUaceae contaminate a pUte so do they at times find a suitable soil m skm ear or 
lung lesions and many of the mycological auibonties question the importance of these 
fungi as pnmacy eieitants of dt ease In this family we shall consider the genera 
isferftUus J'efnetilium Sapulon fs s and Atlescier a In the study of cultures and 
m eioseop cal preparat ons of fun ■ it is assumed that the worker is familiar with the 
more or less round vesicle of Asperitllut with its phiabdes (siengmata) and the chains 
of conidia braoching oC from them In Feme It urn these conidial cbaios extend from 
a CQiudophoie (sporophore) wWb does not spting from a vesicle It somewbvt 
lesemblci the skeleton of a hand including (be carpal and metacarpal bones as well 
as tl e ph 1 nges (rep esented by the chain of spores) Material for micro copical 
preparations is abundantly at band in the patches of moulds on decaying fru ts or 
vegetables as well as n eontaminaied plates The very common blue g een mould 
i i ftmciUium P crustaeeum Aoelber species P brmcauU when grown in material 
c nt ining arse ic produces a stro g odor ot garbe and i the basis of a very delicate 
test for arsenic— 1 m t ooo ooo The very black moulds will lo many msta ces show 
the iruitin, bodies of Arpergilfxr niger A »t} cesaccbatiSes the rice starch (diastase) 
and in symbios s w th a yeast produces the IS pec cent alcoholic dnnk sake of the 
Ot eat 

Othet fungi ot this f tmly aje ot gnat CutDinetcu .1 importance In malenal irom 
sputum pus or skin scrapings wefindamorpbologywbichdotsaotiesemblethefruiti g 
bodies obtained when onecuUureslb smatenalinmediacontaining fe meotableca bohy 
drate hence the study of pathological mater al should always include cultures The 
evidence of the product on of primary disease by any species of this group js not entirely 
convinang ip g 2fus /umiisius has been reported asm ponsible for an epizootic m 
pigeons and pigeon feede s ha e developed aspergillosis Thi infection has al o 
been found m parr ts and it was formerly thought it m ght be concerned in the 
les ons of psittacos s now known to be d e to a filtrable organism In addit on it has 
been isolated from cases of human broncho pneumonia Castellan reported species 
of both A p (itlus and Pe ctlUum and also Ve / a as a Cause of bronchomycosis 

Th species ol Penicill uia wh ch Tien g ( 929) demonstrated ca ed Ivs f 
St ph) lococcus c lonies has been identified by Thom as Pt II n lai m W estling 
tl 1 probablj a oil m uld The act e p maple t th mould ' as next solated a d 

as fou d to be freely soluble w wate ad was mdl mcill n The substance has 
r r led t be ot exceptional value in the treatment of a number of cases of fulminat ng 
jvog mfecto Rep ts lave been made of it g eat value in the t e tment of 
1 f ctons prod ced b> SI phWm- nt i s P rns lie lyl Slreplococc s 

ad the C ecus In general it is It ctive against g am negali e ganisras 
E cepl ons to this !e are the Con occas and the Men ngococc s The results 
obtained in the treatment of go o bea with peniaibn a e descr bed as spectacular It 
IS prep ed for 1 travenous use for intramuscular injections and for local use in the 
tie tment cd wounds It s supplied lor cb cal use as the sodium salt. (See aLo 
PP^»»j^ii09a kiijs) 
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The pulmocary infecMon is said to resemble phthisis but the patientgeneraJly dofj 
not seem to show an illness entirely comparable to tuberculosis llaemorrhssw 
frequent and at other times the sputum tends to be Wood streamed Cases 0/ asper 
gUiosjs have been reported with nasal and corneaMesions m the latter case the in/uiy 
has been from scratches by plant naieeial A unguij has been reported as the ause 
of a taycos s of the great toe 

Mood (jw8) in a study of ja cases of otomycosis observed jn South Carolina iso 
fated sp ctes of /fr/ergiffi from 51 and & species of /’eniciffium from one Odf 6asa' a 
found a species of tfiirorarea in infections of the ear Mood believed that Ireatintnt 
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«itb a vatcine made Itotsi the infecting fungus lessened the discomfort and restored 
the ears to normal quicker than the usual treatment and that recurrences were less 
frequent 

Mjcetomas — MTiile tumors produced by furjgj have been preponder 
antly connected "Mth species of alcfinomvces >et cases have been reported 
by Brumpt and others where the findinfs were those of Asperplh^s or 
Penctlhum, and Negroni (1939) has reported the isolation of a species of 
Aspergillus in a case of mycelouia in Ar|,enlina While Ibe evidence for 
pathogenic action of Pencillium is usually slight, this cannot equallj be 
aid for Scopulanopsis which morphologically greatly resembles Pencil 
lum Species of this fungus have been reported from cases of onjcho 
mycosis Alarkfej, Philpot and ^eidman (*033) have reported the 
isofa tion of S bretteaults from a case of ulcerating granuJoroa and success 
fully inoculated animals with the organism Apparently this is the first 
case descrtbel m the United States S knntngi was reported from a 
gummtous lesion of the hand and in severalinstances from trench foot 
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TiiE MAi»raiouyco$Es 
UVCETOilA (UADURA FOOt) 

Defiiutioo. — Mjcfttoma is ttic result of a fungus mfecUon especially 
ol the foot and more rarely of other parts of the body It is characterized 
by swelling and hypertrophy of the Us ucs resulting in a deformity of the 
part The affection is chronic and recovery does not occur spontaneously 
Surgical removal or amputation is the otdy successful method of treatment 
Classification - Van Dyke Carter estabh^ed the fungus nature of 
Madura foot a common affection m the Madras Presidency of India He 
applied the designation mycetoma to the disease and Chalmers and 
Archibald divided mycetomas into two groups (i) Maduromveoses with 
granules containing large segmented myceUum with well defined walls 
and often chlamvdospores and (a) Actinomycoses with granules com 
posed of very fine non segmented laments with ill defined walls and no 
chlamydospores Thev also recognized a paramveetoma m which the 
fungus did not produce granular aggregations The nuduromy coses hav e 
been separated on the basis of the color ol the granules— black white 
yellow and red These grams may be embedded in the tissues or present 
m the discharge from the sinuses Usually only one bnd of fungus is 
found in a ingle case Brumpt in 1906 described S pecies but in 1936 
he listed 48 species as capable of produong the dmir^l aspect of mycetoma 
and suggests that there may be still others He also divides the myce 
tomas into two groups the maduromycoses and the actinomycoses In 
the maduromycoses he lists 30 species m 14 genera The mycelium of 
MaduTtlh IS septate and branches from time to time It is much larger 
than that of Actinomycet (usually less than iii m diameter while the 
hyphae of Uadurella are always above iji and may reach a diameter of 
8 ion Two case of white mycetomas have been reported as caused by 
species of Indtella—I mament (India) 

Uutory andCeogrophicol Dalrtbiiiicn 
History — The disease was first described by Kaempfer about 200 
years ago but at that time was often confused with elephantiasis The 
first exact climcal description of the disease with its pathology in which 
was noted the fungus nature of the granul*^ given off in the discharges 
from the sinuses was that of Van Dyke Carter whose studies were earned 
on between t86r and 1874 

Geographical DistnbuPon —The name hfaduta foot takes its ongin 
from the great prevalence of the affection about Madura m the Madras 
Presidency of India It is also endemic m other and widely scattered 
districts in India as Delhi Kashmir and Rajputana It also occurs in 
Cey Ion and cases have been observed in Cochin China (Piede de Cochin) 
Four cases have been reported m the Dutch East Indies by Boers Kou 
wenanr Wolff (15138) The disease is rather wide pread in Africa having, 
been repotted from iMgiers Tripoli Tunis Egypt the Sudan Aden 
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SotnaJjjand Senegarobja and Msdagascar Cases ha\e &Uo been Kporttd 
from Italy and Greece m Europe and from the West Indies and some of 
the South American coutitriei notabU Argentina and m Cuba Sutton, 
m iQij reported 2 cases from Kansas one in 3 Mencan and one jn a 
native of Tetas vrftde Ilanan and Zurett (193SJ a case in Kew iorl 
in a Hindu Bojd and Crutchfield have collected 30 cases from the 
literature 


Etiology and Eptdemtol<}g\ 

Ebology — The disease is caused by the penetration 0/ certain speors 
of fungi into the tissues of the foot as b> puncture of a thorn or throuj,li 



other abrasions Rarely the hand or some other part of the body may be 
affected The fungus develops m granufomatous areas from which 
sinuses lead to the surface of the foot in the discharges from which 
are found small granules re«emblmg those found in the discharges from 
actinomycosis lesions 

A very common infection is that due to Aeitnamyces madurae 
corners madurae) which is a fungus with fish roe like granules of the pale 
or white variety of mycetoma TTiese like the fungus of actinomvcosis 
Achnotnyits boots (Discom)res iovts) show a felted my celium in the center 
and peripheral club like structure The granules are yellowish white 
ard vary m size from a pm s bead to a small pea The mycehal threads 
ate very narrow 1 to 1 5 microns The ends break up into ovoid comdia 
I S to I 7S microns m size The organism grows aerobically and the 
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cultures show slenderroyceli<i\thrcadswiuch are Gram posUne It is not 
pathogeiuc for animals Thisi'^lhe oigam mol Carter s white mycetoma 
Other species of the pale white or ochroid (,roup of mycetoma fun^i 
are JniJirllo wonsoni (Brumpt s white mycetoma) \clinonl^c6s asleroides 
{NocardiaaiitToidtsi (Musgravc and Cle^s white mycetoma) 5 engma a 
cvslis mdulans (NicoUe s white mvcetoin'i) and several others 

The cases caused by the black varieties are characterized by the pres 
ence in the discharges from the smusc^ of black gun powder hke grains 
The e hard brittle iitegulat grams are cau ed by various species of 
f un^i of which the most CQtnm<m is Carter s black mycetoma { Madurella 
mcelom) This species was cultured bv Wnght and first shows a grayish 
growth later becoming black Other black varieties of mycetoma are 



jtHws 6oujfar(fi DeBeurmanns black mycetoma has been reported to be 
due to S/iiiroIrtfftiim fteurmanm (RAtttocIadium ietermonni) 

Besides the white and black varieties a red variety of mycetoma also 
occurs The fungus grams ate quite small and reddish in color It is 
not an uncommon infection in certain parts of Africa as Senegal The 
cause IS Aclinorry es pelU un 

Boyd and Crutchfeld have noted an a^siinycete m an American case 
with white granules to which faasbewo given the name j 4 II«cfiiria hoydii 
Negiom and Tey (1929) have reported the first cas» of mycetoma i^ec 
tion (maduramy cosis) from Argentuia from which they cultivated 
AsptrgiUus chtvaUtTX (Mangm igoq) Costa (1941) has reported the 4th 
case m Brazil 

. Tiebedi and Muk hetjee (1939^ have reported 3 additional cases to the 
31 wEch Eave been coUected at the M^ical College in Caleutta In 
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two of these the fungus isolated was the sptaes Acltnomyces tnadurei 
ttilh the ochroid type of granules In the third the species was appar 
ently not identiRed 

In recent jears the organisms giving rise to both mjcetoma and to 
aclinorov cosis hav e generally been classified in the one genus AJinom)ces 
in which some 76 species have been described The characteristics of 
the genus and of a few species which have been isolated are referred to 
in the nett section, p 1x85 

However 3 Buraber of fungi other than Actifiamyces have been described as capable 
of causing the disease 

NiSo (tmr) has reported a case IQ Ar^eotiM wifi white grams 10 which tico/gaff 
isrn isolated was classified as Monespertum aptosptrmum Shaw and MacGregor {i9j5^ 
have aI>o ftported a case due to this organism in Canada uJuIe AJmeida and Barbosi 
report the isolation from a case of ii>>cetoina in Pernambuco Cipkalcsponuxt ti iff’ 
Liao and l^ho They note that this is the first ease of mjeetotaa attributed to a sprats 
of this genus 

Epidemiology —\\e know very little about the occurrence of these mjeetema fungi 
other than m man It is thought that such fungi lead a saprophytic existence on tborDs 
or blades of grass or spine hke grams of taetous cereals Thus >;eoMe s case in Tuau 
started from a puncture w ound by a gram of barley 

i^s the vast majority of such cases are noted in the feet sndassuchMsetsrechiefiy 
in those who work barefooted it seems reasonable to consider that the fungi are intro 
duced by some puncturing object and tbeexteioal wound having healed developneot 
goes on in the deeper structures 

Pathology 

In more than 75 percent of cases of micetoma the loot is the only part 
infected Rarelj there is mtolvemenl of bands knees and buttock* 
The affected part shows nodules on the external surface which connect 
with the granulomatous lesions of the interior of the foot by inus«* 
In advanced cases there may be a oetnork of sinuses and cyst hie dilata 
tions which are filled with a \iscid fluid packed with the small fish roe 
granules tn the white \anety or with the gunpowder grains in the black 
m) cetoma The bony structures of the foot mav undergo disintegration 
as well as the muscular and areolar tissue so that on cutting into such a 
foot there is nothing normal remaining — often a cheesy mass 

In the early granulomatous areas there are found the actinorojces like 
granules surrounded by an area of mononuclear and polymorphonuclear 
infiltration Giant cells are occasionally found There is an infiamma 
tory oedema EfternaDy there are coanectne tissue cells and a fibrous 
w-U The blood \essels ^ow endothelial proliferation and thromboMS 
Visceral metastases do not occur 

SyMptomatoJogy 

The disease usually begins tn the sole of the foot with (he formation 
of firm swellings about xncA ta diameter The cases are rarely seen 
at this stage, the natives waiting before seeking medical advice unlfi 
the nodule has softened and begun to discharge the viscid fluid with the 
various colored granules floating in xt As stated before the soft yellow 

ish white fish roe like granules are most commonly observed the 
fnable hard, gunpowder like grotas less so The nodules conimue to 
form and to break down until the foot has become greatly enlarged the 



under surface bulging out in a convex mas with the toes and heels appear 
mg as if raised The dorsal surface is also puffed up and studded with 
broken down nodules and the sides well rounded There is no increase 
m the length of the foot This swollen distorted foot is borne on a thin 
peg like leg which makes the size of the fool more staking \ery rarely 
cases have been reported where the hand or thigh has been involved 
If one probes thedischargingsinusesbonenuj or may not be felt according 
to the advancement of the degenerative changes There is rarely pain or 
bleeding following the probing 

It 15 more from the burden of carrying around this fungoid mass of a 
foot 3 or 4 times the normal size than from pain that the patient com 
plains Uncomplicated cases do not show fever and the occasional 
enlargement of lymphatic glands is probably connected with bacterial 
infections There are never visceral metastas^ m mycetoma as is true 
of the nearly related actinomycosis 

The process shows no tendency to heal naturally or under treatment 
but fortunately does not extend the process being confined to a foot or a 
hand The joints are rarely if ever invaded Unless the smus riddled 
member is amputated the dram on the patient graduallv exhausts him 
and death ensues m ten or hfteen years 

Dtainotts 

The distorted appearance of the foot or hand riddled with sinuses 
discharging a viscid fluid containing the vanouslv colored granules 
which upon microscopical examination are found to be sclerotia of fungi 
IS absolutely diagnostic As regards recognition of the causative fungus 
one should culture the discharge or grains on maltose agar potato or 
rather dry blood serum The recognition of these species of fungi la a 
very difficult matter even for an expert 

Proinoits 

This IS absolutely unfavorable as regards the rehef of the condition 
but as regards life it i not unfavorable provided the dram on the svstem 
IS gotten nd of by amputation of the part 

Prophylaxtx and Tnatniettt 

Prophylaxis — ^The wearing of shoes in the fields or forests would 
seem to be the best means of protection against small wounds from 
thorns splinters and the like 

Then too any such wound which might occur should be treated with 
tincture of iodine 

Treatment.— Curetting thelesions may be tried As a rule the process 
goes on but is limited to the member attacked so that amputation of the 
diseased part brings about a cure Iodide of potash is apparently often 
ineffective as is the use of thymol X rav treatment seems to be of value 
m rehevnng the pun and ui lessening the discharge from the sinuses but 
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IS of questionable curative effect It might be of greater value if tried 
early m the disease 

AcTiNouycosis 

Actinomycosis or lumpy jaw is a fungus infection of man or cattle 
caused by Actinomyces bovts (the Rav fungus) It is characterized 
bv the formation of granulomatous comiec 
tive tissue and by multiple abscesses giving 
nse to an exudate contaimng characteristic 
yellowish granules 

History — Bollinger (1877) demonstrated 
that the disease of cattle known as lump) 
jaw and regarded as a form of sarcoma is due 
to a parasite which was named by Harz 
Aclinomvces bovts because of the radiating 
structure of the organism J Israel (t8]8) 
found the fungus in man and the following 
>ear Ponfick pointed out the identity of the 
human and bovine infection while Wolff and 
Israel first gave careful dc cnptions for the 
identification of the organisms encountered in 
the lesions 

Any tissue or organ may be attacked 
Lesions of the head and neck are most com 
mon and occur in some 6 q per cent of the 
reported cases The abdomen is infected m 
some JO- JO jier cent often in relation to the 
appendix or caecum and the thoracic cavity 
in from lo-tg per cent 

Kessel and Goolden (1938) have receatl) 
made a comparison of Actinomyces strains 
recovered from human lesions in the United 
States They point out that some 76 species 
have been described as isolated from human 
lesions Some of these are described as being 
Fig a64 — streptothru acrobic and some as anaerobic but m many 
madutae (V ncentj pink van , .1 ^ 

ty of mycetoma (Isolated instances the descnptions are not given m 
by author Musgrave and Sufficient detail to be of Value in actual 
classification Some consider the anaerobic 
forms as the true pathogens and the aerobic ones as saprophjtes 
Classification — Bergey rn his Determinative Bacteriology (>939) 
classifies the genus Actinomyces with Afycobactertitm (tubercle bacillus) 
and Corynebactennm (diphthena baoUus) genera definitely belonging to 
the 5c/ii omyceles or true bacteria He however makes the separation 
into 2 families (i) Mycobactertaceae including the diphtheria tubercle 
and leprosy bacillus, and (a) the Actinomycetaceae In the latter family 
he classifies the genus Actinomyces 




The family of AcimomyceUceae i» so sndely distributed in nature (in the soil on 
plants and in the la tea of mao and aDimal) and so important in biological processes 
that Its careful study has been the province of hiologuts rather than those interested m 
human or veterinary mediane and there has been rather general agreement among 
them to assign this group of orgarosms to the dotna n of mycology 

Charactensties. — dctiuamjcei resembles bactena m many respects of which the 
following oav be noted ( )Tbeduro ter of the myceUaUhreads rarely exceeds ijifusu 
aJI>'e5tonSii^ (a) The sparsely and urtgularly eptatehlamentsofdct nomycertend 
to break up into bacillary or coccoid forms This fragmentation has been interpreted as 
atthrosporeformatwri andin omespecieschainsof ^lesarenoted The sporogenous 
hyphae fieduently show a coiling of several turns (rarely exceeding la spirals) which 
may be to tbe right or left The pirals uncoil after the maturat on of the spores 
Vanations m spirals ace of lm{octance in the sepiraton of species All species are 
non motile and Gram positive ^ome species when gro tn on fat containing media 
may show acid fast staining 

It must be kept in mmdthat many of the attempts at culturing the acid fastlep osy 
bacillus have resulted m streptoihns td linomyttt) growth and Deyckes nastm(a 
much, vaunted cure for leprosy) was an ethereal extract of such a stteptoihni growth 
obtained by culturing leprous nodules 

In common with other mould contam nantsof beotenal plate cultures we itequenVly 
find leathery very adherent colonies of drliaomy e$ which may be cbslky or shot vail 
ous colors^yellow red black or green When transferred such colonies give ofi a 
muity earthy odor In medical mycology a separatien on the basis of oxygen require 
ments has been used one group requmag anaerob cood lions for growth and the other 
growing under aerobic environment The pathogenic species attaching to actinomyeo 
s s m man or lumpy jaw in cattle ttbe Israel type) btlongs to tbe anaerobic group 
Tbe lequiTemenis are rather those of partial osygen tension tha complete anaerobiosis 
J H light streised the oeces ity lot choosing at material for culture that which con 
tamed filamentous org nisms (obs*r ed by pre siog b tween two slides) and then 
I oculatmg glucose agar stabs 

Growth first appears one or two cm below tbe surface Cactenal rontaminanti 
a e frequently responsible for f ilure Cto\ th is first noted as a small white speck 
after thrr days at 37 C It would seem probable that the aei bic sp cics are largely 
saprophytic The Actmon yers genera of mycetoma seem ho ever to be mostly 
aetob c flostroem has claimed that be has isolated an aerobic fungus from actino 
mycosis but his work generally has not been conurmed Itright called the aerobic 
group fioca iia and the anae obtc one Acl nvmytt Other recognized g n ra are 
St epMlin Oospera and Ducomyis 

Clubs and Granules — ^In Ihe pus from lesions there occur the sulphur 
granules m actinom>cosis and the black (gunpowder) ones in Madura 
foot M>cetoinis caused by other fungi may show granules of other 
colors The granules of A 6o«« rarely exceed isop m diameter and are 
of a jellowish white color The granules of t madurae are of an ochtoid 
color and this spcci s gives rise to white mycetoma The fungus of the 
black grain variety of mycetoma is IfodurfUa «iyc«fo»ni These granules 
(when small and crushed between sbdc ) show a central tiiamentous mass 
with bulbous structures set penpheraUyr (usually called clubs ) Dodge 
considers these granules as bulbils (smaU sclerotia) Clubs are rarely 
seen m cultures It is from the penpheratly placed bulbous extremities 
that we pet the name ray fungus 

Clmical Manifestations — ^There ate lour main types of acUnomvcosis 
in man — (t) Cutaneous where an epidermal le von invades the conum 
and subcutaneous tissues pioduang a nodule which breaks down and dis 
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charges fish roe granules (2) Bucca] In cattle the invasion of the jaw 
has given this actinomjcosis the name ‘lumpy jaw ' The process 
extends to the adjacent soft parts The tongue is involved in almost 
one tlurd of these cervico-faaol ty^pes (t) Usually secondanl> to buccal 
infections we have a pulmonary type, usually fatal while the purely 
buccal ones which can dram freely generally recover (4) The intestioal 
type usually in the region of the caecum and appendix (diagnosis com 
monly appendicitis) The actinmycotic lesions are generally free from 
pain Extension is by continuity — rarely by blood vessels or lymphatic 
channels When enlargement of tributary glandsoccursit isindicatneof 



Pic » 6 s — A twoiayeea gnauU ruth a b«tifaih » overglaw si*'"* 

c ons in the tivat ae masse Preparation ost stained lowma^n fjnnspower (Mel's 
land after XVnght and Brown ) 


Achnobacilltis infection The diagnosis of actinomycoses depends chiefly 
upon laboratory examinations 

EpidcBUology — Heating (o 60 C is always fatal to these organisms so there is 00 
question of a resisting spore as for anthrax For many years the opinion was held that 
infection took place by inoculation of some ttotmd produced by plant material (** • 
blade of grass or a cereal gram) In view of the fact that A iottt is a rather dehi^lr 
anaerobic organism and grows only at body temperature this idea it untenable 'Thet* 
IS much to indicate that actinomycoUc SlameDts may have as habitat the canous 
materuf in defective teeth or m tonsilbr crypts h.aes(und (iprs-iprdf h*s isolated 
anaerobic strains from such material which may be identical with A bMS He »ho 
considers tartar formation on tbe teeth as a possible source of infection . 

Laboratory Diagnosis — The fungus is to be found in thegranules andit is essential 
that culture or microscopical ciatenal be obtained from them The purulent discbS^* 
maj be poured in a thin film in 3 Peln dish and search made for these minute gfanu'*v 
They are best fished up with « capiOary pipette and eximintd unstained with diniin 
ished Lght for the clubs of the ray fangus la tissue sections Gram s stain is veiy 
saUsfaetory although they show beautifufly u ordinary haematorylm-eosin stams 
The mediod of culturing used by VVngbt ts noted above Very satisfactory is the use 
of tbe capillary porUon 0/ a rubber bulb pipette The growth in this narrow CMing 
can be satisfactorily observ ed Under the microscope Animal inoculation has not been 
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satisfactory as Homer W nffat was not aUe to satisCy tumseU of actual multipLcation 
in laboratory ammals 

Mare topoitaot Speaes.— Dodge pws the characirnstics and synonyms of j 8 
species of Acliiomyces with a diSertnlialtng key 

t Bufti — This otganism is generally etwsidered tie cause of lumpy jaw in cattle 
and it present in the sulphur granules whidi are m diaractenscic of this infection The 
fungus which 1$ present in human actinomycos se ras to have the same morphological 
and cultural characutisbcs as that of cattle Aanotedahove it ttquues partial O ten 
5 OB and body temperatUTefoT grotih The peoblenj of etiology is complicated by the 
frequent assoc ation with actinomycosis of two bactenal organisms B arlinoinycrle > 
esmtUns and the Ad nab^alUt It is even raamtaised that in ny of the pathological 
changes present may he doe to these compaotofl organisms 

A ifaduror — Th s organism is the cause of white mycetoma (Carter or \ incent) 
The granules art white to yellow and the byphaefrom t to t 51* in diameter Autbon 
iiesdsa ree as to cultural requirements AccordingtoR St John Brooks it is a strict 
aer be growing best at g; C but baving a wide temperature range (so to 40 C ) 
Dodge notes that it is a facultaii e anaerobe but grow’S best anaerobically 

A Adentdu — This is « frequent cause of white grain mycetpnsas in van us (arts 
of the world Some authoniies give its cultural requ tements as aero aoatrobie— others 
as atrobic and still others as anaerobic This fungus was hsst reported by Cppinger 
from a brain abscess and apparently tbt same orgscism has since been reported from 
mycetomas in the rhihppines Braail Argentine and Europe as well as Asia and Africa 
hnuapi gives il «« Gnaa poeiirre end acid retidtnz 

A Gyfifftdts ^This orgen sm was isolated by Hennci and Gardner from the eputum 
of a ease of pulmonary mycosis They noted its gru tb as mote rap d Chan that of the 
tubercle baciUus and that it was aad fast for its recovery from sputum they recou 
mended guinea pig inoculation Wngbt could not assure h mstlf of aiullipbcalion of 
All snscer in guinea p gs 

A Arra/afjliruj —This A I yttt is given as the eause of cracked heels in Tnd a 
(Iceratolytis planiare sulcatum) Jt has also been found in nierd ital erosions It 11 
s d to be due to nalk ng barefooted on damp sol covered iih manure Thceolonies 
on agar are pink or r ddish 

A Hinutut tn If —This fungus has been lepoiltd as the cause of etythrasma (see 
p 1165) CuJtu es are frequently negative When successful the c ioni s on agar 
ha t been reported as snne r d or brown red 

A Tiu Uie > — Th s fungus *as studied by Pasteur and K lenbach ( 88^ 884) 
Bergey classihes it in « separate Genus Erys frldini Rosenbach It was the hrst 
fungus with wfa ch proof of immun iy as obca ned It seems (u hve sa[.rophyUcaUy 
R fish It causes a d sease of pigs known as awme erysipel s w hich may be coca 
munic ted to butchers vetetinanans or others working with this pig nfect on In 
Europe this disease i pigs is senous rcOBoinicaOy but it is rather rare in the U S 
In Germany « is called fnHett/ and in France rciig i Besides the bog the d ease 
may be c mmunic ted by other an mala especially crabs Slost cases in the U S 
have come from b ndling crabs or fish taken in the Chesapeake Bay region The 
hum n disease ermftl<nj follows local infect on of « wound ftheskn Inadayor 
tnoas'v Uen de predarea with a bngbt red inargn appears Although the usual type 
of miectwa u cutaiK us ta ely umay ptodace tysapbiang tvs G\ Tidutav enlavgcment 
may occur Rarely the infection may become gtneraliied The organism esetnbles 
th diphth roids butvsnowcIassedwithtbeActnomycelrae Another n me s£ry 
p loltr ^ I \ p at and it was formerly call d B truipilai 1 su It is easily 
cutlu ed nd n b !e med a sh wt filameslotts I rms wberea n broth there are nly 
b ciliary forms A pH of 7 P favors growth The infecti n 5 ems to confer a lasting 
immunity An antiserum has been prodtreed wb eh m y be injected into the regon 
of the les on r intramuscula ly 

Str«ptothncosis --The fesions described in man under this term have 
been suppurative and resemble those of Acttnomyco&is wjth the formation 
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of abscesses and granulation tissue The lung is the usual site of infection 
and there may be evidences of broncho pneumonia multiple abscesses 
gangrene bronchiectasis or empyema due to the fungus In some 
instances metastases in the brain and subcutaneous tissues have been 
reported Cases sometimes have resembled those of pulmonary tubercu 
losis or pjemia All the cases in which the isolation of a Streflolhriihu 
been demonstrated from the lung or sputum have died The relationship 
of the genus Strepiothrix (Cohn) (SlrgpMhrtx Corda) to Acluwm^ces 
Cladothrfx and A ocardia is not entirely dear The reported Sirephthnx 
infections unlike Actinomjcocis have been rarely about the head and 
neck Bergej classifies these organisms in the genus How 

ev er infections due to AetinohactUus are distinct and the organism classi 
fied in the BacUnaceae 

Treatment —Treatment of actmom>cotic lesions is frequently unsalis 
factorj The most satisfactorj treatment has been obtained in cases 
when the diagnosis has been made early when small easily accessible 
lesions have sometimes been successfully excised In other instances 
curetage has apparently spread the infection 

rut) do es of iodides and also tli}mol have been recommended for treatment but 
in manv instances no favorable results have been obtained with these drugs 

Lord (1537) and CutI r and Gross (1940) emphasise treatment with \ rav irradi 
ations after radical removal oi obviously diseased tissue 

Sulfonamide treatment has especiall) been recommend d and 10 successful reports 
and onb i failure have appeared m the literature since 1938 according to Senbo v et a1 
(1944) HoIIen beck and Turnoff (1943) and Benbow recommend sulfad azine as the 
drug of thoice Ivons however points out that long treatment 1 usually necessary 
and there is ever present danger of recurrence 

Important pfoph> lactic measures ate the care of apical abscesses pyorrhea ano 
other dental and stomachic infections \l o prompt and adequate disinfection snoulu 
be given to punctured wound e$|.ecially those m which forei n bodies have bew 
implanted The medical treatment of SlrrfMkni infections has al 0 proved 
unsati factor) 

SPOROTRiaiOSlS 

Sporotrichosis is a chrome jnfcctioo, usuaUy limited to the skin, sub 
cutaneous tissues and lymphatics occasionaUy involvung the muscles 
bones joints and lungs 

This gummatous or ulcerative mycosis which usually follows the 
course of the 1} mphatics of forearm and arm generally starts from a thorn 
pnek of hand or phalanges The causative fungi of the genus Spore- 
Irichum are widely distnbuted as saphrophytes The family of Sporo- 
tncheae is charatlenzed by branch^ septate mycelium The spot??' 
which are generally single and never in chains project from the hypl’®® 
on short stengmata or are sessile 

From the standpoint of reported cases France and the U S are the chief countnw 
showing infection but this may be connected with more frequent search for the fungus 
Other cases are reported from South Amenca and Africa The isolation of the fungus 
froma sporotrichosis lesion wasfirstreporiedbvrSchenckin 189S (J H 11 Bulletin) ana 
later on was recognized as a clinical enti^ by Oeurmann and Ra> mond (1003) Dodge 
assigns S schencki as the name of the parasite and considers J b maHni a variety 
The hyphae are about ift in diameter A difference between the t vo organisms nasbeen 
noted in the frequent appearance of chlanydospores in the Eeurmann fungus and tb« 
rarity of such resistant spores in the Schenck fungus fa the pus or li sues of sporo- 



trifhos » lesiors ooe rever finds myctinim but onlv cijar sbaptd veasl Ufce bod es 
phapocjii ediniaon eytts Tor d agnms w>esbould»\»iy» cuUutt ibe pus ot scrap 
irtgj (preferably f run an uro'^ued lesion) The cblonv f tsi appears about tb second 
<fa> and a n crosc<^t preparation slxms lie uartow mycelium with 5301** (3 to fi) 
usually m froips at the ends o! the hyphae Optimum t mperatute 1$ Irotn 30 to 
S% C Sporo£richosisisusuallyd»giiosedas^phili»orluberculo s but development 
of tH lesonsi morera id There is also Ir ^ect on tie general bealtb as well as a 
lack of glandular mvolveraent Cases of putoMUjary sporotr ebosis have been rarely 
reported and also generalised infteiiwi The leswos ate usualU confined to the deep 
parts of the skm or mucous membranes 

fceiirnioinu IS the commonest spectes repotted from plants It fer 
ments saccharose but not laclo t The spore* are veiy numerous and 
often provided nith short slengmata 


Five other pathogenic varieties have been recenttv listed Wolfaach 
described a species isolated from an arthnti of the htiee which he named 
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5 coun ilmariM SpontsneoHS infections due to 5 ierrmunnr have been 
obser. ed in tats dogs and horses Tliis fungus is unusual in its p itho 
genicitv for both plants and animils Benhsm and Kesieiv have trans 
muted sporotricho is to carnations by inoculation of the plants with the 
culture of 5 icfirn^t derived from an mlection in man The disease 
produced m carnations is a bud rot similar to that caused b> the plant 
pathogen S foae After Iwtng sapioi^yticaU) or para itically in plants 
5 tchenki retained its virulence for animals Zinsser ' tptpl remarked 
that the successful expenment^ inoculatton of barbar) thorns accom 
pushed by the e investigators adds to the evidence that plants may be a 
natural source of this itdeclion lor man and that the di ease may be con 
tracked by puncture wounds with infected tbons or other pieces of plant 
tissue 

Laboratory Diagnosis — Widal and Abratni have proposed an aggluli 
nation test and others sVm tests but the culturing techiuque is so simple 





CHKOMOBLASTOirtCOSIS 


S*'.®*! preference An examination of the pus 


mjcroscopicalij racelj rc\eals the cigar^haped rods A caustic potash 
mount IS s 3 t!sfactor> if the Urge baallary forms ate present bat it is oa 
the culture that one may hax e to depend for diagnosis Sporotnchosis is 
often associated taih tuberculous lesions In the United States the 
majon j of the cases some 140 have occurred in the MiKissippi Rner 


Other cases have been deswbed in South tmenca Campas and Almeida fcaie 

Studied ij cases in Saa Paula Filha hii nicnitl » 

' *P*oe$ he isolated in Pnnl Sp<trelnchu'it Jmatcn 
Abo the tmter U^jo) isolated a species resembi«| 
5 hilt maant from uiceratu e lesions of the ann ui » 
case ID Libctu 

Bascerfeld and Gear (1941) have reported 71 
cases in South Africa 6 trere la European misers the 
renaiodcr isccurring in naUves From ooeniuie there 
*>ere 17 patients most of whom nocked m one shall 
The rest al] worked in one shaft of a second nane 



Sporotnebeae m Tinea Albigena and 
Mycetoma — ^A skin infection of hands and 
soles later extending to arms and legs seems 
quite prevalent in the East Indies The 
fungus is Ateunsma albtctscans A bbcl 
gram mjeetoma bas been reported from the 
Soudan due to Tnekosponum khortournnsiS 
rrejfmeKf — Sporotnchosis when uncom 
plicated IS rarely fatal Houever if d ** 
untreated it persists for rooatbs or for vein 
Treatment «uh iodide of potash is usual!) 
effective Thedrugshould be given in slow Ij 
increasing doses up to 4-6 gtn or more duly 
Lord advises if it is not well tolerated bv 
I . 1 \ mouth It should be administered by rectum 

Njiv If absorption of nodules or abscesses is slo'' 

ibcy may be injected with a weak solution of 
the iodide Ulcerated lesions may be painted 
with tincture of lodme Incision of the nod 
ules or curettage is not recominended as it maj 
spread the infection \ ray radiation has also proved to be of value in 
the treatment of the skin lesions 

Chromoblastomycosis — Lane and Medlar (1915) reported upon a 
case which had been cbiucally diagnosed as verrucous tuberculosis The 
lesions on the leg consisted of two small growths Examination of tb« 
first showed a small tumor in the skin outside the ischiatic tuberosity 
It was about 5 s cm by 3 cm in diaaieter purplish in color raised about 
3 mni abov e the surface the top of which was sLghtly grayish in places 
There were a few gray scales on the lesion There was no discharge at 
the time of the examination The second lesion was one which had been 
previously operated upon It showed at the time it was etaimned by 
Lane a purplish slightly raised rather soft area about s cm " 


. — 5^0 o 
Cultures < 
p ptone agar of Sa 
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fieely movable and not tender There W8» a small, crater Idee opemrg m 
the center (tom •whmh there coidd be expressed a slightly gray somewhat 
cheesy substance mixed with a little blood In the microscopical exarai 
nation however a fungus was dtscosered which was cultivated on the 
usual laboratory media and carefully studied by Medlar, and to wh ch 
IrofessoT fhaxter gave the name PktitlffphoTa verrucosa 

Medlar found that the cellular reaction toward the fungus resembled 
very much a typical bUstomycotic lesion There was an inflammatory 
reaction varying from arute to ebtomc «R type and a moderate increase 
of connective tissue This process was most marked in the conuro but 
was also found to a sUght extent intracpideimallv In the regions where 
the acute inSammatory reaction predominated the exudate consisted 
chiefly of polymorphonudear leucocytes and a deposit of fibrin with an 
occasional endothelial leucocvle and eosmophile As a general rule in 
some portion of these mihary abscesses one or mote mictootgamsms were 
present 

Pedroso and Gomez in Brazil in a case of verrucous dermatitis iso 
latcd a fungus which thev considered identical with the one of Lane and 
Medlar while Terra in another case in Brazil proposed for the condition 
the name of chrome hUstom>cosis on account of the fact that the fungus 
gives m the tissues a distinct change of color They classify the fungus 
they isolated in the genus Acroihtca 

Carrion in 193^ reported a case from Puerto Rico Several other 
cases of cbtotnom>c{isis have since been reported in the United States 
vnotably in Texas St Louis Missouri and North Carolina) and other 
cases have been repotted in Uruguay Argentina Guatemala and the 
Dominican Repubhc as well as m }apan Java and Africa* 

Cainon has found other ca es m 1 ueno Rico and has coMected 
and compared a number of cultures He believes that at least three 
species of fungi have been isiUted Itom the different lesions fformodea- 
drun pedrosos Uotrnoiendrum campactum and Phahphara terrucosa 
Conant has studied the genus Phtahphora in Uie United States urd con 
siders the fungus isolated from a casein Texas as? verrucosa whileMoore 
and Mmeida who have studied the dv ease in South America and the 
United States recognize as causative speaes of Acrotheca Pktahphora 
Uormodtndnm and possibly Tnchosporsuni 

Weidman U937) points out the organisms isolated from cases of 
chioTnomytosis arc only mildly pathogenic for laboralor} animals 
Comes 1938 reported lie was able to infect guinea pigs rats and rabbits 
ivilh the orgamsm he studied Brumpt and also Negroni report the 
species? oustcata fedroioias the roost common etiological agert Brumpt 
originally descabed this pecies as a species of Tnchosfarimn Ir > as 
firt cultivated by Pedroso m 1913 Brvwnpt (1936) lists the species iso 
lated in Africa as f/ dfjertntjts IJ laq erom ard// rwiicMin in ulcerative 
lesions and // fonloynontx in the squamous dermalom^cosis called by 
Pontojmont andCarongeau hodtpotsv 

■' (1 n llinngi n S. 15* nelson I 040 lia rejw' US (> ca 5 icj! n ite 
Cnon of Couth Mt ca ttnm a at the tb« can U e fungus *as 1 olatetl on had 
IheehiTsct s f f/ r d m ^ d e 1 tte otb r a»a ts rb ificali n 
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The clinical descriptions m the different casesasdescnbed vary greatly 
Moore and Jfapother (1940) report a case m a roan aged 67 the teion 
being confined to the face and consisting of a single discreteelevaledpmk 
ish patch measuring 4-5 cm and elevated about 0 j cm It nas fira asd 
had a pearly appearance The organism was found on section Also a 
comparison of the lesions in Medlar and Lane s case with some of the cases 
reported in South America shows very little clinical resemblance betweto 
them Some of the cases have been reported as verrucus dermatitis and 
others referred to as Mossy foot 

Thomas (1910) in Manaos described a condition which he named 
mossy foot and the following year Brein! m Australia also used this 
term to refer to a verrucous condition of the lower legs No fungi 
reported from the cases The wnter studied a case diagnosed as mossy 
foot in Manaos in 1928 but was unable to find any fungi m the lesiow 
cither in the study of films or in the histological eicaminatioa or by cultures 
The term mossy foot is evidently an inclusive one and different cases 
of verrucous dermatitis may have 1 different etiology In the authors 
case Staphylococcus albus was isolated from the verrucous non ulcerative 
lesions and in stained sections of the tissues large masses of coca closely 
placed were found in spaces between the coarse connective tissue &bca 
in the eonum Apparently the organism had a very low grade of nru 
fence Other cases described as mossy foot have apparently bees case* 
ol tuberculosis verrucosa cutis The condition also occurs sometimes m 
filanal elephantiasis with secondary bacterial infection with cocci 

Lotnthal (1934) *41 convinced that lu> cases trom Uganda we« diflerent h«mg w 
laet elcphanciasis with v<ttuee«s lympbatic deraatiui which was regarded as aae « 
lymphostasis Thece was first velvety skin Irom chronic eedeaa then 
papiUatioa with homy filiforiw papillae and finally a suge of ulceratioR with spadeo 
offensive scaling and croatmjj He studied is cases No cause for the oedcBO cou! 
be found in 8 An illualration be publishes of the lesions of the foot is typical 01 
dercoatitis verrucosa or of the cases referred to ai mossy foot Four cases 
carefully caanuned for iJje presence of fimci by iUanrsy Slides made from fresh ana 
macerated skin were ntfalive as were the cuttures The same negative result 
obtained in two casts with early velvet shin lesions Sections were made and cartiuuy 
cjcatnmed for fbe presence of lungtl ekm<au hone « ere found The IrtaiBitat 
Bayer sos of four cases was without result As the condiUon improved by carclu* 
bandaging and pressure the name iymphostatic verrucosis vi as proposed K« pom” 
out that many of the cases reported as dermatitis verrucosa belong to *a cnlirwy 
separate disease from the mossy foot described by Thomas and from that seen at 
tiroes in Africa which is probably a foim of cutaneous elephanti^is 

Treatment —Case? of ChtomoHastoroycosis in the United States have 
sometimes responded to iodide therapy but Carnon reports that m Puerto 
RicQ they have been difficult to cure The condition usually reroatn* 
localized but one case has been reported with metastatic lesions Emmons 
Hailey and Hailey (1941) have reported the cure o! one mail after 3 
months treatment by two exposures to * rays a fortnight apart followed 
by iodide of potash increased from 30 to 50 minims three times a day 
The man was subsequently killed in an accident so that prolonged observa 
tion was impossible 



Visceral Mycoses — ^The mvasion of ttc viscera by fungi has already 
been discussed under the different mycotogical infections rulmonary 
infection has been especially emphasized m Blastomycosis and Coccidietdal 
gro'tuloma due to Cocctdtum tmmiiis and Cry^fecoccus gilc/irish as -well 
asm Jrftnomyces Inaddition ristellani particularly ha reportedpul 
monarv infections with species o! Asper tllus and FenictKmm as well as 
with tfoHilia as a cause of btoncho-momiusis In some of these cases 
which resemble pulmonary tuberculosis but la which no tubercle bacilli 
haiebeen found itisneveithelesssuggestcdthatthefungusmavrepre ent 
a secondary infection 

At one period much attention was called as in North Africa (Algena) 
to a form of splenic mycosis This was reported upon by finoy and 
Nanta (1927! In a series of cases the spleen was said to present char 
actenstic lesions which could be observed mth the naked eje and con 
sisted of nodules j-s mm m diameter of the color of iron rust In later 
papers they repotted that these enlarged spleens were infected with a 
fungus which they first clas ified as Sfengmo/acyslts iinfufoMi Later 
Pinoy (ig S') classified this fungus as a new species Aspergillus nanlae 
Fmile \\ eil and other investigators confirmed these results and reported 
that this fungus infection of the spleen was also found m France A large 
number of papers were shortly afterwards published all conhming these 
results 

Oberlmg (192^) in reinvestigating his collection of 200 spleens obtained 
bv operation or autopsy reported that 24 of them were found to show 
mycotic infection and contained the characteristic nodules which had 
been reported to be of mycotic ongm bv Nanta and others Later 
Langeron (roySl after reviewing the literature and studying certain cul 
tutes i olated from cases of so called splenic mycosis conduded that there 
was no justmcation for considering that there is a mycotic form of spleno 
megaly He believed that the funj^i obtained in cultures from such spleens 
were accidental conlaniinaljons or non pathogenic forms and that the 
structures described as mvcelial in character were due to pathological 
changes in fibrin and collagen m haemorrhagic areas Fonseca andLeao 
(igrS) in Brazil McNee (1929) and the writer after further study of the 
question were able to support the vie%vs of Langeron 

McNee in a most careful studv of the clioVogv and pathology of forms 
of splenomegaly occuning in Great Dntam noted the presence of typical 
fibrotic nodules in one type of splenomegaly In these he conhrmed the 
presence of abundant calcium m addition to iron and believed that what 
bad been described by others as fructification organs of the fungus were 
simpK small round often double contoured ma s^s of calcium He also 
obsersed peculiar light green or almost colorless crystals m the nodules 
and tile small crystals were often joined together in a way resembling the 
segments of bamboo canes He favored the mcw lliallhey werecomposed 
of phosphate of iron 

The writer has pointed out that in warm countries as Africa m 
instances vn which autopsies base iwt been promptly performed there is 
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the possibility that fungi present in the intestine may pass through the 
intestinal wall and m\ade other parts of the body as the spleen Such 
seCGtwiasy infection •with a longns svas demonstrated in at least 2 mstaacts 
in autopsies upon wild animals 

UElnODS OF EXAMINATIOV FOR FUNGt 

Sirrular methods apply in the study of pathogenic fungi and bactem 
the objective being the separation of species or varieties cither by isob 
tion of pure cultures or the obser\ ation of pathological effects m animals 

As a rule the growth and appearance of coionics of fungi are more easily obstrvid 
than are those of bacteria and the morphology mere eharaetenstic laicroscopiee^y 
In the study of culture plates we necessarily become familiar with a great otioher of 
taauld contaminants which we readily tccogniae at a glance CastelUiu has aluebed 
great importance to fermentation reactions but it » generally lecognired by bsettnolo 
gists that many factors make such methods questionable in species dctermiBitwe f” 
scrapings from the skin pus from discharges sputum faeces vaginaldiscbargworvan 
oua ewdaies the standard practice 11 to mount in a 5 to jo per cent solution of csiispc 
potash For dried scales and hairs strengths of so to j9 percent are used ArtdacU 
resembling spores or mycelium are contusing m caustic poUsH mounts One sbeaW 
familurue himself with such artifacts in normal skin preparations For pus sputun 
empyema fluid or vanous exudates and discharges mounting in Lugol 1 solution » 
desirable 

Tnbondeau s method is to treat the scales with ether then with alcohol andonsl^ 
with water Next put the sediment (it it convenient Co use s centrifuge) ut a drop M 
caustic soda solution Co\er with a cover glass and alter the preparation has stow 
about an hour run glycerin under the cover glass 

A very satisfaclory method ss to scrape the scales with a small scalpel and smesr 
out the matena! so obtained in a iot^ful of while of egg or Hood serum on a glass su<“ 
By scraping vigorously the serum may be obtained from the patient After toe toe*t 
has dried treat it with alcohol and ether to get rid of the fat It may iheo be staux® 
with Vitvgbtsataiaot by Grams method The ordinary Gram method may be umo 
or the deeolonxiog nuy be done with aniline oil observu g the decoloneation isodet the 
low power of the microscope 

Yeasts are best examined in banging drop on a plain slide with vaselined ring 

Aa excellent way to examine many common tnouMs is to seise some of the projecting 
sporangia from the surface of a plate with forceps and mount la Lquid petrolitum 
Moulds in scales from skin or from infectioDs of vanous nutes or insects wiU * 
growth in this medium when motinled on a slide and covered with a cover glass sm 
mycebum grows out from the body of the arthropod . 

For the microscopic study of moulds Uis well to clear and mount them in lactophtno 
(carbolic acid nocc lactic and aocc glycerin 40 cc water eoce) This may W 
tinted with some dye asamhneblue The above is Amann s formula 

Dodge recommends a x per cent aqueous solution of cotton blue a drop of which « 
placed on a sbde and this is inoculated wuh the fungus material A coversbp is tppue 
and then plain lactophenol is drawn under the covershp A piece of EJter paper atone 
aide of the roouot absorbs the aqueous solution and draws in the lactophenol drop 
on the other side of the square coveislqi The supravital blood staining method is 01 
value in the study of pus sputum or exudates containing fungi 

CUbTIVA'nON OF FUNGI 

Moulds grow well on media wjth an acid reaction so that by adjusting 
the reaction to +-2 or even higher tve permit the growth of the fungi but 
inhibit bacterial development 
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Glycenn&gar bread paste or potato media are all suitable but the standard med a 
are those o( Sabouraud 

Conservation medium (far preserving stoek cultures) 

Cm 

Peptone 
Agar (shred) 

Tap water 

Differentiation 
medium) 

hlaltose 
Peptone 
Agar (shred] 

Tap water 

The glieose medium is made by substituting glucose (or maltose in the above 
form ila 

In each case the ingred ents are added to the water and all placed m a cold autecla e 
and the pressure allowed to nse in both outer and inner ] ckct simultaneously until it 
hts reached 15 pound The autoclave is then shut off and allow ed to cool down slowly 
When autoclave has cooled the media is Altered through cotton tubed and then tteril 
ited the tame as above Upon removal (roo the autoclave tbe tubes arc slanted and 
allowed to cool in this slanti g position 

The media 11 not titnted or the hydrogen 100 concentration adjusted m any way 
Sabouraud claiming that tbe addition of either acid or alkaU spoils the media 

Some mycologists claim that the Sabouraud med urn contains loo much sugar and 
that this interleres with growth and morphology The men sacchandes seem to be 
mare objectionable than tbe polysacchar dea Besides potato slants such solid med a 
may be made from carrots in particilar but any Icuit or vegetable may be aimil rly 
prepared Some use slices of raw iruits or vegetables deposited iti moisKhambet 
Petri dishes Aseps s must be ngidly observed in n akin^ the si ces of raw Iruiti or 
vegetables ilushroomS have been tecominended (or tbe study of the dermatophytes 
H tse manure is often used for the study of mycelial (not yeast) growth It should 
be as f esh as possible and thoroughly stenJiaed 

Carrot agar IS used by many Carrot 500 agar so peptone e and water to make a 
litre Mushroom agar may be tried Brain media have a d stinct value The D ges 
ti e Ferments Company sell ptepared media which have an advantage in tandardiza 
tian (comp n on of culture results from d Serent laboratories) 

Bel re inoculating media with moulds some tecomm nd placing the material in 
6or* alcohol tor one or two hours to kiB the bacteria The moulds withstand such 
treatment 

In culUvaUQg moulds small Erlenmeyei flasks containing about K m of media 
on the bottom will be found luitaUe lot tbe developmeat of the colonies la order 
to isolate the mould we may take the bau or scales on a aterile slide and cut them into 
small fragments with a sterile knife Then mo sten a platinum loop from the surface 
of an agar ala t touch a fragment with tbe loop and when it adheres transfer it to th 
gar slant Make four or fi e mocuIatiODS on the surface and fr m suitable growth 
(ter four to seven da>-s I oculate the meduun in the Erlenmey er flask 
rlaut recommends Place the mould matenal between two stenle glass sbdes Seal 
one edge with was a d place the preparation in a moist ch mbei for lour to seven d vs 
From the fungus growth developing snocul te the medium m the Erlenmeyer flask 
V 1 etri dish containing several layers of thoroughly moistened Alter paper in top and 
bottom makes a aatisla tory moist chamber 

nantfngBloek Cultures.— One o{ the best m thodsnt idenuAcation of moulds is to 
All the concavity of a hollow si d« which h s been flamed for sterilization with melt d 


30 o 



media (two of these are used — a inaltoae med urn and a glucose 
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Sabouraud agar or other media suitable for moulds The aurface is then uKKulited 
with material from the colony to be studied and a flamed (sterile) cover glass sppliei 
In a similar method which was devised for the study of bacterial cultures Hill used 
tern squares of agar cutoutfromdieetsinadcbypounngmeltedagarintoPetndishts 
Another method is to 1 t a large dK^ of melted agar spread over a stenle cover gbss »d 
then inoculate the film of medium and adjust over a coorave slide These melbodsirt 
excellent for bringing out the mode of fructification of moulds which can then be studitd 
satisfactorily with high powers 

For the study of the morphology of Mentha in cultures Boggs used stab cultuns in 
*5% gelatin The growth m the tube was hardened m loc* focmabo the glass ended 
off and sections of the gelatin column cut across at any desired level These blacks vne 
sectioned with the freezing microtome stained in dilute aqueous fuchsin (i to 30) lor 
several hours then differentiated in saturated solution of citnc acid until nearly decolor 
ized The sections were floated on slides ait'dned without blotting cleared in lyol 
and mounted m balsam 

For staining fungi in sections of tissue Busse recommends the following method 

I HaematoTyUn to to ig minutes tbcnwashintapwater a Carbol fuchsin (< to 
ao) 30 minutes or over night Decolorize in alcohol for a few minutes then piss 
through absolute alcohol and xylol to mount m balsam The moulds are red 

The diagnosis of the mycoses is practically always a matter for the labontoij 
The mam dependence is upon the microscopic method bached up by culture Neatly 
every one of the parasitic moulds wiB grow aerobically though most ate slow groaen 
Moat of them prefer temperatures of from it to 30 C though some of the mere csb 
firmed parasites grow better at 37 It 1$ perhaps unnecessary to state that we dwuw 
m studying any supposed mycosis remember the ubiquitousness of saprophytic peaei 
of fungi and that these may grow in exudates doe to lesions Ksulting from the atlioa of 
bacteria or protozoa 

Diagnosis by Antibodies —The attempt to diagne e a mj costs bj th« 
demonstration of antibodies is regarded by many as unsatisfactorj 
Some of the moulds which produce deep seated or generalued infections 
may produce antibodies (agglutinins, precipjtms opsomns or mjcolysiosj 
but It is unlikely that those which grow in the upper layers of the skia 
(away from the superficial blood vessels) can do this The chioracity 
of most of the mycoses would seem to lend support to the belief that anti 
bodies are not produced Also, the ease of microscopic diagnosis makes 
the demonstration of antibodies for this purpose usually unnecessary 

However a number of antigens have been prepared commeraally 
and placed on sale for diagnosis by mtracutaneous reactions Le^^ 
(1941) emphasizes that oidiomycto is of no value as a diagnostic aid since 
reactions following its admimstration are too frequent when there is no 
clinical history or evidence of moniliasis and the test often gives a negi 
tive reaction when the patient has an obvious momlia infection 
bebeves the manufacturers of the commercial product oidiomyun shouW 
withdraw the vaccine from the market since it is not of any importance 
in diagnosis 

Some investigators as Jacobson and Smith (1941), believe cocci 
dioidm IS of value m diagnosis Noimai individuals, however some times 
react to it 

v Martin and Smith (1939) report that antibodies can be found m m 
s 7 ra of patients heavily infected with Blastomyces dermatitidis A posi 
tivc complement fixation test performed with a saline solution of Blasto 
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myces ofai 4 dilution o( the patient s serum is diagnostic of the disease 
blastoraycosu Hov,ever they state a negative complement fixation 
test does not exclude the infection 

Dennatids — In recent years a number of dermatologists have reported 
the appearance of lesions of the skin resulting from an allergic condition 
and have termed such lesions ids Allergy is said to be the ii«e 7«a now 
of their existence Thus Sutton (1939) points out that during the exist 
ence of a tnchophytid the trichophylin reaction becomes positive The 
dermatophytids are fungus free lesions When they occur they are 
regarded as the result of hypersensitivity of the skin to fungus products 
Thus it is believed that fungus free lesions on the hands may be an allergic 
response and occur as the result ol an mfection vnth the fungus in lesions 
of the feet A number of dermatologists hate therefore cmplojed inocu 
lations of tnehophytm for the diagnosis of the infection However in 
recent years a positu e reaction has been demonstrated to be of little value 
in many cases since when a positive reaction has occurred it has sometimes 
been impos ible to demonstrate infection with a fungus Lewis Stoval 
and Almon believe that it may be of value sometimes m a negativ e n ay in 
excluding ttichophyton infection 
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Chapter XLII 
POISONOUS PLANTS 

Practicallj every medianal plant mentioned in the pharmacopoeias 
of the world grows naturall> or can be grown in different tropical coun 
tries owing to the diversified climates and soils which exist in a number of 
them Many of the tropical plants contain powerful and tone pnn 
ciples and these h hen introduced into the body of man or other animals 
may give rise to serious impairment of bodil> functions or even produce 
death While the majonlj of the poisonous plants of the tropics which 
are recognized have been used as medicinal agents others have been 
emplojed for criminal purposes Many of the less civilized tnbes use 
such poisons not only to fight their enemies, but to kill game and fish for 
food 

The natives of tropical countries possess considerable and at times a 
surprising knowledge of the effects of man> poisonous plants while among 
the more civilized individuals poisoning by accident ignorance or inten 
tion is still fairly common However the number of plants b> which 
man is commonly poisoned is not very large 

Livestock may be poisoned by a much larger number although by 
instinct such animals often avoid the most toxic plants unless forced bj 
hunger to eat them The loss from poisoning among cattle is unquestion 
abl) very large in many countnes No figures of value are available m 
the tropics but m Montana and Colorado it has been estimated that the 
loss to livestock by plant poisoning is in the neighborhood of $200 000 000 
annually 

The alkali disease predominating in South Dakota and an affection VnoTin m 
blind staggers in cattle and horses predonunating m Wyoming develop from the 
animals eating small amounts of selenium bearing vegetation over a long penoo 
However in bimd staggers of the acute tvpe the symptoms develop after feeding 
for a short time on plants containing ninch larger amounts of selenium Extensive 
literature on the subject of seknium poisoning has accumulated during the past jo 
years Anyone interested jn the subject may consult the articles of Trelease and 
Martin (1936) Beath (1937) and Moxon {1937) 

The chemical constituents of plants which are responsible for their 
toxic effects may be classified in a number of groups 

I In which the substances are vegetable bases which include the amines and alia 
loids In many instances these are of an intensely poisonous nature Some of the 
amines give a foetid odor to the plant and to some of the mushrooms their poisonous 
characteristics while the alkaloids as a rule gi\e a bitter taste to plants m which they 
occur naturally This in itself is frequently a protection to man and also hvest«t 
which may come into contact with them A great many medicinal drugs owe their 
IJ98 
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valuable properties to these alkaloids such as strychnine from nus vomica aconitine 
from the different species of Aeeniium atropine and aUied alkaloids from belladonna 
morphine from the poppy and mcotine from tobacco 

2 Another class of poisonous substances found in plants are glucosides They 
form a much larger group and are of more common occurrence than alkaloids Many 
are intensely poisonous but others are non tone They also generally have a bitter 
taste and are employed in many of the plant evtiacts used tn medicine Common 
examples of tone glucosides are nenoside and cynann found m the Oleander family 
(ipneynaceac or Dogbane family) and Digitalis {Scrophularnceae the Figwoit 
family) In some instances as in (he lea es of the foxglove the plant may contain 
several glucosides of vrhich digito in digitalm and digitonin are among the most 
active and toxic Horses and cattle have been frequently po oned by eating the 
leaves of foxglove as well as of species of Indian or American hemp of the Dogbane 

Another g oup of glucosides impoitaot as po sons are the cyanogeneti glucos des 
which contain hyd ocyamc acid nb ch m y be bberated by enzymes occurn g in the 
plants themselves These enaytnes may hberate sufficient quantities of hydrocyanic 
acid m the animal body to produce fatal results A common substance of this class 
Is that occurring in bitter almonds (amygdahn) Tbev 3I 0 occur tn bitter cassava 
(Ifanikel) and a number 0! the membra of the tea and rose famibes a number of the 
wild ehemea and prunes being a common source of poisoning (Couch 1934) 

One group of glucosides (saponins) when shaken with water produce a soapy foam 
They occur m a very Urge number of plants which are dispersed in more than 50 d Set 
ent families They are particularly posono s to certain of the lower ammals (01 
example fishea frogs and insects ^me of them are especially employed by the 
natives in poison ng fi h 0 e part in eoo 000 or more pans of w ater may be fatal to 
the ffsh in which they produce paralys s of the respiratory organs In animals when 
taken by mouth they produce gastro intestinal trntauoo vomiting and diarrhoea and 
they cause haemolysis when tbev come I toconi ct with blood Other common exam 
pies are species of the Sa^niitceae (Soapberiy family) the soap nut soap bark and 

3 A third group of poisons consists of essential or volatile oils wh ch often give 
characteristic odors to the plants Many of these are insect repellant for this reason 
but ID some instances ui addition they are nsect cidal Common examples are those 
which are found in absinth (from wormwood Abu tk m) which produces convulsions 
by Its action on the nervous system or in eucalyptus with a camphor hke odor and to 
some extent insect lepeViant Others occur in the Pine family the English and Jap 
anese yew being particularly poisonous when the wood bark and leaves and the seeds 
are eaten by animals However the red pulp of (be berry seems to be harmless An 
important essential oil produced in the mustard seed by action of an enzyme or tn the 
seeds of Argemo e with which it 1 adnllnated has appare tly gi en nse to large 
numbers of cases of epidemic dropsy id India 

As striking examples of the vegetable insecticides may b m ntioned py rethrum 
obtained from the flowers and roots of Ckry Ihenum cinerar a fol u 1 and derns 
powder from the roots of several species of the genus D r The Litter is used also 
especially in f h poiso ing and in New Guinea derns toot is commonly employed for 
suicide 

4 Toxic substances known as toxalb nunaoccur for ecampi nspeaesofC Ion 
K c HI and IJ us There are espet ally blood toxins and m y give nse to antitoxins 
on intravenous injection They are responsble t times for considerabl I ses m 
b estock and more rarely cause poisoning in m n Anunak ho e e my become 
more or less immu e if gi en small and increasing doses of these substances in thetr 
food Other species of Euphotbiaceoos shrubs as of (he genus Ci rcas or Jelr pha 
wh ch produce nuts somewhat rcscmbliug sweet almonds contain phytotoxi s as 
curem and not infrequently gi e nse to poisoning n m 

5 Another group of poisonous substanc s may be ctassiQed as resins (before extrac 
tion) occurn g forexample in speciesof th Berbendactae (barberry family) espeaally 
of the ge us PeJopbyUum (mandrake) or I the fruit of Csl ullut cal cynMir both of 
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which art sometimts employed as purgatives Other etamples are found in the species 
cf the Cashew family knclutfing Kitij icxutdtniiim Hj|hly toxic substinces ti 
andromedotoxisi are fouQd in species the genera Rhciodtndroa or Kolmu and picro- 
tacta a convulsive poisan reiembting strychaiae in its aclion is found in Ansm k 
{eccuJiis or CpccuIiij rniirur 

The above camples should give some idea of the diversitj of the more 
common toxic chemical substances so widely distributed Obviouslj 
onij the more important of these poisonous plants and the disturbances 
they produce which the tropica) practitioner is to observe can be 
discussed jn this text book 

Arrow Poisons — Manj priraitue people add to the wound eSect o( 
their arrows that of poison Although animal secretions partieularlj 
snake venoms arc used ihej are infenor in effect to the vegetable poisons 
In some arrow poisons snake venom is combined with the plant extract 
but as the users often treat the snake venom m such a way as to destroy 
the toxins the effect must be due in such cases enttrel> to the vegetable 
poison Material of bacterial nature has also been used particubrlj 
the tetanus baallus but most of the potent arrow poisons are vegetal 

Slrophanlhtts is one of the most important of the Apocytacm 
Various species of thos genus are used bj African tnbes extracts being 
prepared bom the seeds and often mixed with heads of snakes At least 
two species are found in Liberia —S sartneniasus and S griitts Tb®y 
grow in bushes which produce sinking pink pentacle like flowers This 
poison which has been used especially for poisoamg arrows « obtamw 
by cooking the seeds, m water and letting them evaporate to a 
tarrj mass A small amount of vegetable resin is sooietimcs added The 
action of the poison is known to the medicine men and it is said to be used 
chiefly by them Strophanthm is the active principle but the specie* 
5 hupidits contains another substance known as pseudostrophanthm 
which IS more to^c to the heart muscle After poisoning the victims 
breathing and pulse become gradually slower untU the heart beats sud 
denly cease Frequently a convulsion occurs before death the he^it 
being arrested in systole In smaller doses the drug acts as a arculatory 
stimulant 

Acocanlhtra is another important genus of the Apocynaccae various 
species of which furnish a powerful poison It is prepared by mixing a 
decoction of the wood or roots and evaporating over the fire until a syrupy 
consistency is attained • The gall bladder of an animal is often added to 
f A<r mixture il tt ts ta be pxmted ot er the heads el arrays 

The poison from the species A venenata known as ouabain contains 
both an amorphous and a cryslaUme glucoside related to those in digitalis 
It produces very rapid death whidi occurs after rapid incguUr 
beats rapid respirations and coovuZsKUts Sometimes there is a great loss 
of muscular power 

The sap and seeds of other species as Cerbera odoilam and 
nenfoita contain a glucoside thevetm which causes death from heart 
failure in la-ts hours 

The species A spect^ihiUs is knovo as Bushinan s or IlottectoC s Foisoa 
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nyoscyamusfaleJe one of Ihe SoUnaceae is anotfier poison empJojed 
by some of the natives m the intenor of Africa and the Tuaregs of the 
Sahara It produces symptoms l»te those produced by ouabain but it is 
not so powerful a poison though it cuniaina hj oscya mine an d scopolamine 
Strychnos ~’Tht pnnapal arrow poison of the Amazon mer tubes is 
curare made by extracting the bark of vanoos 5/rycArtor species Dr A 
Hamilton Rice in his studies in Ataaronia found that curnn is prepared 
from the cortex of a vine called Ilary c»po (genus Slryckttoi such as 
J lexifera) thesheathomnd of which ismaccrated and triturated after 
wards boikd with a small amount of water put into a tipi ti press (made 
from the jacitara palm Dezmoncus iM<fo<tc^n!hus Msrtius) and allowed 
to exude slowly then boiled to the consistency of an unguent and stored 
in little pots Into this cutaii ate dipped the tips of the slender darts 
(obtained from the footstalks of the pataua palm Otnaarpus balaaa 
Martius) which are used with the blow pipes (zarabatana) last named 
made from the smaller paxiuba palm (paxiuba miri fnartca sehstra 
Martius) • Cucan contains a alkaloids curarme and cunne The former 
arrests voluntary mosemeats by interrupting connection between the 
peripheral nerves and the muscles and the animal lies helpless on the 
ground while the latter paralyzes the heart Certain Malay tribes 
use poisons from this genus but their arrow poisons seem to contain 
strychnine and bructne as well as curanne so that m animals wounded by 
such poisoned darts we have convulsive phenomena as well as the action 
on the motor end places In India the species Sirychnos colembri»a is 
used also in homicidal and suicidal cases and is used for killing dogs 
rodents etc It is also used as a fish poison Other poisons used by 
certain Himalayan tribes have aconite as a base 

The sap of 'Inlians tswana is also used as an arrow poison m India 
and IS a powerful cardiac penson (Chopra 1940) 

Atnphcism — A disease of North China supposed to be due to the tone 
properties of a weed Hripfr* hlloTalit which grows in gardens around 
Pekin IS possibly caused by a small insect often found on the weed as 
It IS claimed the weed will not cause disease if well washed before eating 
It is only in times of famine that the weed w eaten and then only by the 
\ery poor About 15 hours after ingestion there appears itching of the 
fingers quickly followed by swelling and discoloration This swelling 
extends up the backs of the hands and outer surface of the forearms 
The face also becomes swollen so that Uie eyelids may be closed and the 
nose becomes cyanosed and cold The swollen parts nsas uiumatei) 
develop blisters ami ulcers Later the finger tips may become gangrenous 
the face and eyelids cyanotic and oedematous Someti-cnes the cases 
resemble Raynaud s disease Uyky has recently described cases with 
these symptoms alter eating leaves of this plant and he believes that the 
cutaneous lesions may be asenbed to a light sensitiic dermatitis Some 

VV intent intr sniS Dutcher (i 4 «i) tnveobu neU Cursrc in crystal) Dtiotm Iron) 
the Vint kS « (Science «94x) 
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which are sometimes employed as purgatives Other examples are found in the species 
of the Cashew family including Rkus tanccdendrum Highly toxic substances as 
andromedotoxin are found in species of the geoera Rkododendren or Kalmia and picto 
toxin a convulsive poison resembling strychnine in its action is found in \nami u 
cocculiii or Cocculus tndieut 

The above eTamples should give some idea of the diversity of the more 
common totic chemical substances so tvidelj distributed Obviously 
only the more important of these poisonous plants and the disturbances 
they produce which the tropical practitioner is likely to observe can be 
discussed in this tett book 

Arrow Poisons — Many primitive people add to the wound effect of 
their arrows that of poison Although animal secretions particular!) 
snake venoms are used, they are inferior m effect to the vegetable poisons 
In some arrow poisons snake venom is combined with the plant extract 
but as the users often treat the snake venom in such a way as to destroy 
the toxins the effect must be due m such cases entirely to the vegetable 
poison Material of bactenal nature has also been used, particularly 
the tetanus bacillus but most of the potent arrow poisons are vegetal 

Slrophanlhus is one of the most important of the 
Various species of this genus are used by Afncan fnbes, extracts being 
prepared from the seeds and often mixed with heads of snakes At least 
two species are found in Libena —5 sormentosus and S gralus They 
grow in bushes which produce striking pink pentacle like flowers Thn 
poison, which has been used especially for poisoning arrows, is obtained 
by cooking the seeds in water and letting them evaporate to a syrupy 
tarry mass A small amount of vegetable resin is sometimes added The 
action of the poison is known to the medicine men and it is said to be used 
chiefly by them Strophantbm is the active principle, but the species 
5 htspidus contains another substance known as pseudostrophanthm 
which IS more toxic to the heart muscle After poisoning the victims 
breathing and pulse become gradually slower until the heart beats sud 
denly cease Frequently a convulsion occurs before death the heart 
being arrested in systole In smaller doses the drug acts as a circulator) 
stimulant 

Acocanlhera is another important genus of the Apocynaccae various 
species of which furmsh a powerful poison It is prepared by mixing a 
decoction of the wood or roots and evaporating over the fire until a sjTupy 
consistency is attained • The gall bladder of an animal is often added to 
the mixture if it is to be painted over the beads of arrows 

The poison from the species A venenata known as ouabain contains 
both an amorphous and a crystalline glucoside related to those m digitalis 
It produces very rapid death which occurs after rapid irregular heart 
beats rapid respirations and convulsions Sometimes there is a great loss 
of muscular power 

The sap and seeds of other species as Cerbera edollam and Thevem 
nertfolia contain a glucoside thevetin which causes death from heart 
failure in 12-iS hours 

The species X is tnowii m Bushman s o Hottentot s Poison 
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species of Alnplex are said sometut^ to become poisonous ittougli Uis 
absorption of selenium from the soil {Muenscher 1939) 

\ang (1940) points out there is much that is obscure in regard to this 
subicct He observed that it occurs in those eating the food who have 
had no part in gathering it and hence that it is not due to the saaH 
greenish j ellow mite that is often found on the plant The symptoms did 
not arise ta those w ho had eaten atriplec unless they exposed themselves 
to bright sunlight and since the lesions appeared only on exposed parts ht 
thinks the immediate cause is irritation due to the sun s rajs though the 
question of sensitisation to sunlight by ingestion of the herb needs con 
sideration and study 

Cannabis indica occurs especially in India Persia and Arabia It i» 
the cause of a pernicious drug addiction in Central Asia and the plant n 
generally called Indian hemp In India the forms 0/ the drug general)) 
used are gangih the dried flowering tops which is smoked mixed with 
tobacco bhang a mixture of the dried leaves and capsule which » 
made into decoctions and is the cheapest form of the drug and charas 
the resinous exudate obtained from the cut female heads of the plant 
This IS the most expensive and most concentrated of the preparations In 
Arabia a confection is made from charas and is known as hashish 
It IS sometimes mixed with extracts of different Solanaceae such as datura 
and nux vomica and in this form is said to be taken daily by milbons of 
the inhabitants of Africa and Asia although stringent regulations against 
Its sale have been taken m some localities Tbe drug gives a feeling of 
well being followed by hallucinations of sight and hearmf— often oS 
sensual character This is followed by dimness of vision drovvsinws 
and stupor Addicts may become insane Chopra says that m Iwi* 
Coftftaiis \nd\ca is often spread upon the beds to drive away bugs and is 
also used as a fisb poison in Bengal 
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fefirty o! bt»ns be btjsft iwfed wy «& »id Iwo b-aan 5 a«i ©b void ag utwt 
Bobced that it erji black He waa xA tl» that tke beans b» bad eslen were 

!fom Siuly Five<li>>UUrb« was sdoutted to bmpiUl iboffitig ai'btn gra) ttjltjnd 
facies sad paBor of mucdua loembraBts wbicb naa accompan ed by jaucdict Tbere 
wasaome fever and tbeenDC waf absolute^ bUck (haeangiobiaona) cadsboued raan) 
gnauUr casts Ktd cells nere aboat aed the haemoglobin 38 pec cent 

Tbe leucocyte count «»i «9 300 with yj per cent polyraocpi'honuclears Rmculocytes 
were about 14 pet cent There *aa about ii per cent of ecythroblasts and rather 
oiarked awsocytoais Blood urea eutrogen was 37 faroxysmal baetooglobiaaetitia 
was eecluded by (he Oonalb Laadsteiaer test (The patient had a positive \\ asset 
niana reaction ) A skin test showed allergy to ac extract ef the beans eaten This 
case was apparently the first to be reported in Eiiglish or Amcncan literature On 
account of the great Dumber of Xtahans Imng in the tfmted States it must be that the 
allergy described above is not frequent In ttaly it is noted that Che attack comes 
on shortly after exposure with aa irregular feiret and haesioglobinursa The sudden 
and great fall of red cells may cause death in a tery short time Ifben the patient does 
not d 0 recovery takes place satssfaeionlr Eptwphrtn and blood iraosfusioni are 
to be tOBsidered ui treatment htuenscb does not 1 /st any species of ( le 0 native 
tit the United Slates ao shat the beaoc eaten by the different paueots were p obably 
imported Tn Indu iso sti 0 baa been shown to contain bases with alkal idal 
properties wlueh have been named vicine and dtvicine Kobiuson (ip4i) has 
obHtvtd fi eases itt BaUstwe vn all (oUowmg ttu: eating of the broad beans acute 
haeiBolytie anaemia was present The fi at symptoms were vomiting and diarrhoea 
Tha ihtw uinved pale g ey The ur we was ceMish brown The cases seeee first m s 
taken for these of Ledeter a anaemia The disease is especially tomnon m Sardinia 
ackd S ctly The nothvdtiy salt sn Saidttiia ta «s high is j 17'* with * case moetaUt^ 
rate of 8^’ 

Kaet et Yaogena —An latoxicating <n o alcohot cl dnnk is Qiad« ftocn the toot 
or leaves of the pepper plant / p metkyrteain and isa certtnonia! beverage in many 
of tbaviUads of the Souibl’acvfie TV parts of the plant wtrafint dewed by joung 
girls who have good teeth and good health and tba masticated tnatenal » put in a 
bowl and treated with cworrot nulV A aost of qwwt diow ay mtoxicatwin vntb weak 
neis of the legs results in those not habituated In the chron c mtoxirnuooacoftd ci n 
of dtbabiy imfls and a enatVed lougbneas id the sVio is said to dtvel p 

Irathynsm is a disease characlenzed by ners ous martifestations a form 
of spastic paraplegia and tbere are symptoms of neakness and muscular 
pains without psychical disturbances It u common m Abyssinia Algeria 
and India It has been behned to be due to eating m iirrtes of scarcity 
of bread made from the flour of the chrek pea Laihytts sal\ ns or other 
species of vetches The disease eomes on insidiousl} with pains m the 
back and weakness of the tegs As the affection develops the kgs arc 
dragged along with great effort and there is a tendency to fall U astmg 
of the kg muscles is common Kefteses are exaggerated Inconimence 
of unne and loss of sexual power arc important symptoms The upper 
rtiremiiies are onh rarely involved There is no mental or cardiac 
involvement The disease tum a \tiy chronic course hut is rarely fatal 
\ deficiency in vitamin A has been suggested as a factor in the production 
of the disease In India this pbnt is known as hketc t dal It » an 
important article of diet for both man aiwl aairruU m most parts of Inda 
and Chopra (1940) emphasizes that a large number of eases of poisoning 
atodueioit IlesavseaamplesolUthvnsm in mania the farm of spastic 
paralvsis are commonJ) seen evorv dav in the streets of Calcutta UTnle 
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Caunabts Sati^ — ^^arihuaHa, is the name given in Metico and l!ie 
United States to the flov^e^ng tops of this hemp plant, a member of t(w 
fiat famiJ} widely cultivated in the United States and elsevbere fonts 
fibre It also grows wild as a weed 

The flowering tops, especially those from the pistiffate (femaf'*) pliat 
are smoked in India under the name gangah ' In the United States 
hemp cigarettes bear various names besides marihuana —as reefers 
muggles the weed etc In some instances an extract is made of the tops 
and used to impregnate tobacco ugarettes 

The use of manhuana seems frequent in underworld resorts and has 
been reported among the better social classes The dangers atteadiag 
use of the drug especially by young people in the public schools was first 
emphasized in New Orleans about ig 0 and a Federal law making the 
use of Cannabis illegal was pas'cd m s<^^^ 

Heroin or other derivatives of opium have been added to the man 
huana in order to create opium aJdicUon for apparently true aditction 
docs not follow the use of cannabis there not being clearly demaastrshh 
tolerance increase or withdrawal symptoms 

The intoxication which may arise from the smokirj, of a single cigs 
rette and mav come on in an hour or so is characterized by ctcitemenl 
mental confusion talkativeness and often spelU of hysterical laughter 
Visual hallucinations and sexual illusions also ate features of the icitoa 
cation hfany of the cases treated in hospitals are neurotic that type w 
personality beingguen to use of (he drug for the pleasurable phasvsold* 
action WTiile euphoria i» experienced, there is at the same time sn 
anxiety complex which may lead to ideas of suicide. 

Many cases are cited of homitidal attacks by persons when under the 
influence of marihuana Bromberg however m reporting his «tudy of 
thi addiction at SeJJev ue Hospital, questions tvhelher it predisposts Vo 
crime noting that no case* of murder or sexual crime were established as 
due to marihuana m 67 trials m the U S County Court of General Ses 

sions Nevertheless there is general agreement that marihuana cigarette 

smoking brings about weakening of restraint and impairment of judgraeatf 
and it would seem that the excitation of sexual illusions might well lead 
to sex crimes In his book, Marihuana’ (ipyS), Walton states The 
situation js of the utmost gravity and u> one which calls for drastic roeas 
ures of eradication ” 


Favjsni.—Tbis is a disease caused by lahatins pollen from the flo' ers of ih« 
planter by eating the b an (tiCKS/aStf) — most frequent in Italy ande pemtly south*™ 
Sicilj Hereditj seems to play a part, same families giving a his'ory of favism 0''*^ 
many generations (Idiosyncrasy ) Iflgestton «f raw beans is more apt to wuse ‘ 
than eating cooked beans About halt ol the cases are due to exposure to bJooiw®? 
plants There seems to be no relation between the amount of bean eaten and tn 
seventy of the symptoms This taken in connection with the hypersensitii'cness t® 
the bloom would surely indicate some form of aUeigy About 8 per cent t>5 the 
are fatal McCrae and Ullery (1933) reported a case in Philadelphia The paUent a 

I i’ iti gaveahrstjrj of altacks/rom pea blooms when living in Sicily roIJowioga 
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diets ivcre deficieat m \jtamnsaadiHot«uis Lclhyrus jolivus Brains aie 
neb jn proteins but deficient in tOT^oi^aa In his cases be suggests the 
condition may be due to (rj-ptopJun deficiency and that hence sjniptcms 
of this nature inai occur in the absent* o£tVi« vetch (see Chap VCXIloti 
Vilanuns) Acton and Chopra conduded that lathjtism is not due to 
icrtjrws 3 bA«« but to the contanut^Uog weed I teta ssu a and that the 
tosjc pnncipk divicme nas found m this contaminating «,eed It nas 
fcgasded as closely related to barbatunc aal Thej behei e that lathyr 
ism occurs when the ordinary food dahl is contamioated with the 

white akti Chopra {1936) apparently does not believe that the expeii 
mental proof of the actual factor responsible for the production of iath>T 
ism has been demonstrated 

Milk Sickness — Cattle eating nchw eed (white snaktTDOl £«^ 3 /ufi«m 
<z$erot<)i<f<s or Vrticae Joltiim) in the enstem United States or r 3 }less 
goJdenrod in Tews ( acquire 3 serious disease 

called trembler Or in some instances alkali disease or m\lk sickness 
In wan there are observed anorexia nausea and votniUtig nhich prevent 
the taking of food and water and soon bring about an acidosis character 
teed by a high morlalitj The later symptoms are subnoTtnal tempeta 
lure extremely low blood pressure presence of diacelic acid in the untie 
snd of the odor of acetone in the breath and unne The blood shov » 3 
marked ketosn a lipaenua and a hypoglyaemia Tbe poisonous prin 
cipleofJ^M^iJ/oriiimafld Ip/irgoppui tsitematoi one of the higher alcohols 
and is found in the Uav es and stems (Couch spjy) 

Voaatmg Sickness of Jamaica, or Ak«e Poisoning -^This is an acute 
and often fatal disease common m the Uest Indtrs U is due to eating 
unripe akee or aekec the local name o! the fruit of JUt^hia taptdo 
The fully ripe opened fmii is harmless and is a valued food Children 
eating the unripe fruit with abnormal anlU which may contain the 
poison become suddenly ill in about a hours with abdominal pain and 
vomitifig There is a period of apparent recovery lasting a few hours 
after which vomiting again begins and almost coincidenially convuluons 
and coma ending generally 10 death In earlier penodsn was sometimes 
confused with \ellow fever The disease has attracted wide attention in 
Jamaica for many years 

S;dU { roe) has stud ed tins tScction ( < » too; i<tnod snd sa>j that acre dinj 
i hiitorv more <han jcotwrsanVWlOBt lihindof theWe I lod » urtp catnt) oC by it 
Vppa«ntl)> lit VTtt »»» not ongin»B> (ouD<t m Vlw VXiit lodirj b-ul was introdcc d 
Uwir la ijjS tfoio a Weil Atncaa (U\ ship The earae at was gi eo 10 ihe «r« 
bv ibt nsovts cf th« C«t4 Ccusl wbile (he toca} oamt of the I tut ihm a or 

kn Uwas rtsardrd kssomcPBwsbciBg poi9>aeus la Vines ssacomm g 
reimrtftl from theft was He who rats the is « sh uVlkn » ho« to remove the poison 

The ehssbrea sgnst drslot discussunf man)} n as lo tLe ammiof of somil 
in; vchneM caused by tbe li!grsu<in«( the «]cee r<w) Sct>» W has coUetttd 
\«ry convtoong evidence ol » chnicsi srssotut path ! gicjl and s^penmental ralure 
that the voBuUeg uebuess may be due to (10 sonnsh ihii fruit rspraaUv when it is 
gilbered from an !nju«d pUal oe Mt IjJ g n ah grounl li « « d ihat the 
[10 S0B9SS ct mrnt m the immacurr aod aaao« <1 fni ( u aotubfe in wale f r pot water 
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jnodcrate amounts oE this pulse can be taken with impunity when largt 
amounts are taken, especi^j to the etdusion o! other Eoods the unfaior 
able Si mptoms cietelop Mmchm (1940) has studied a series of it C3s« 
between 19^45 jears ol age aJI of whom but one were males vfjlh symp 
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There a wide spread enlirelj' erroneous briicf that if a sih cr com is put 
m the dish in which mushrooms are cooked it will be tarnished j{ poisonous 
V arieties are present The> can not be recognized by the taste — the most 
poisonous species are said to have a \er> agreeable flavor InWashington 
an Italian officer who was regarded aa an e-xpert in the recognition of edible 
species purchased in a market some mushrooms which had been collecied 
m nearb> \ irgmia He breakfasted on these mushrooma and spoke of 
their fine flavor In about 15 minutes be became acutely ill developed 
bfindness disphagii and convulsions and died within 24 hours If one 
has not th-e expert knowledge required to uknUfy the species with cer 
tamt> one should eat only mushrooms which have been passed upon by 
a competent (preferably official) tospcclion Even m cultivated beds 
poisonous species occasionally develop 

There is marked individual variation m susceptibility In the case of 
a farmij of 6 poisoned by imamta noppg reported by Qentkowski four 
died (one of whom had eaten only a mouthful) one became ill but recov 
ered and the sixth who had eaten heartily suffered no ill cflects 

In the United States most cases of poisoning are due either to Atxamfa 
MHscana the fly amanita or to t phalhtJes the death cup Both species 
ate widtlv distributed and very common One feature which helps to 
identify this genus is the persistence of a portion of the \eil encircling 
the stem a little below the cap 

The poison in 1 muscana is muscanne an alkaloid related to pilo 
carpme This type is distinguished by the early appcaianc e of sy mptoms 
(withm three hours) and death >n the fatal cases occurs ntthm 34 hours 
There are nausea vomiting diarrhoea severe abdominal pain sweating 
salivation fachrymation taiosis often a slow uregubr pulse and m fatal 
cases convulsions and coma Atropine u an efficient antidote and 
aUhough the symptoms arc violent the mortabty 1$ low (about 10 pet 
emit) m properly treated cases 

The poison in ) phaltet^es » a toxm In this type the svmptoms are 
1-ite in appearing (6 to 18 hours) and although the mortality is from 50 
per cent to 70 per cent death usually occurs only after 5 to 8 days In 
addition to the gastrointestinal symptoms rioted above there may be 
great thirst anurn jaundice (after two or three days) cyanosis drowsi 
ness delirium or coma niere is degeneration of the renal tubular 
epilhchum and liver necrosis and extensive degeneration e»{ the gangiion 
cells of the cerebral cortex basal ganglu eerebenutn and brain stem have 
been described (kandcr \eei and Farley *935) Mropin has no effect 
\n antitoxin has been used m Furope wuh aWeged good results 

Another rarer tvpe of mushroom poisoning resuiline in an acute 
haemolytic onaeima hsemoglobjnunv and jaundice has been described 
Kecoicrv is the rule 

There 1$ little information available regarding the poisonous fungi 10 
most tropical countries However specievof fwani/oare not oncomtnon 
anl in Indit at least one of these ewtams the poisonous principles of 
ammiiine and tnuscanne 
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m which thfi ackets have been cooked utluragM to be much more toxic than the cookti 
fruit Itself 

Jordan and Burrows (1937) earned on an e^tcnsjve ttud> of the affec 
lion in Jamaica They found that the seeds w ere the most prolific source 
of the poisonous substance The inocuous nature of normal ariHi wasindi 
cated by their wide consumption by the general population with no ill 
effects and they w ere uuahle to detect the poisonous substance in this por 
tion of the achee by’ feeding it to cats and monkeys But with abnormal 
fruits such as those which tvere unnpe and that had hung upon a dead 
branch or had Jain upon the ground nhde some of these were not tone 
extracts of their seeds proved markedJy toxic to cats They found that 
the seeds and pods of both npe and unnpe ackees contained a substance 

which upon ingestion induced viotenl vomiting in both young cats and 

}facacus rhesus monkt }5 Their evidence suggested that the ackee poaoa 
was & glucQ&ide 

Evans and Arnold (1938) have performed careful chemical studies 
upon the akee fruit and have separated the constituents into saponin 
fal and phjtosterol and demonstrated the toxiaty of the saponm 

Scott had toog ago suggested tbe toxic principle nicbt be » glutoside but neitW 
on the ground that the pouon couid not be obtained from the gastric content or tissue* 
or excreta of fatal eases and be infemd therefore that the toxw agent wfti 
substance rapidly decomposed or changed on absorption Evans and Arnold poml 
out that cases of akee pottouag mote conunonly occur from December to Eebniaiyot 
bfarcb and they have aho»o that lo these colder months of the year the upfisin 
content of the akee is higher and the loxiaty greater By careful tests they have 
shown that the normal naturally opened aVee 1$ harmless whereas the unopened fna» 
ts highly toxK Tlie antlus of the UDopened akee was lethal to bttens with a dwe of 
1 o gram per roo grams of kitten weight when adTtuwstered intragastricalfy aad 
lethal to guinea pigs xrhen a dose of 3 5 grams per 100 giams of guinea pig weight was 
given aubruUneously or lotragastncaHy 

The toxte property is cuiniUative when repeated sabfetfial doses arf 
given at daily intervals The arillusof the fully opened akee is notlelhai 
to guinea pigs The postmortem fiodings m both kittens and guinea p'g* 
indicate an active toxaemia affecting idl the organs with haemorrhages 
and fatty changes chiefly in the liver and kidneys The saponin found 
m the ariUus of the unopened akee is strongly haemolytic nonhaenioljtic 
m the anllus of the fully opened akee and only slightly haemolytic in the 
partly opened akee 

It seems however quite evident that there are many cases of indi 
viduals with symptoms of vomiting sickness in Jamaica in which the dis 

turbances may be due to the ingestion of other irritating or even poisonous 

foods 

Mushroom Poisoning — The best known edible mushrooms are (m 
England and the United States) the meadow mushroom Aganesfx emn 
pester which grows only in open pastures and (m France and Italy) the 
champignon Mafosjnms oreades There ate no criteria by means of 
which edible mushrooms can be distmgmdied from poisonous varieties 
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pedjum ipp (purges £epborbia spp and tbe cultivated pnnme- Ceruio plant 
of the pnisrose faicJy as the ^des f tmvla «ftc«n<ca are apt to cause a deretatstia 
espeaallynhen tbepnmrosnaremSncT UpnsbMsdematilKcausedbybasdiiog 
vinous bulbs or stalks Those baadhng die vaidla beau may suffer from aa itduog 
dematiUs The rue group of pboU also is often nsponsiblt for skis imtation. 

Cbvtteadoa f ip jr) and W ebit fspiy) liave made csteauve studies ol these aod other 
dernaiitx produosg pbsts 

la Japan the lacquer from Riut tt kk/cts causes a skin oedema affectiag the face 
and estrrcuties 'whieh is foUorred by a papubt eruption 

^naeo <t eeetie (l/eng/ ro) — Kttby Snuth (1938) has called attenuos to the {act 
that a form of dermatitis especially of the bands neck and face psrticubrly of the 
bps, may follow eaUftg mangoes These aymptoau and bufamg and ttclung may 
appear 6 to S hours after their icgestioo The skin or nnd of the fruit as well as the 
stem or tap contain the imtaueg tesio and not (heed hie pocuoas of the fruit Most 
people realize that the risd is irntabng to the mucous mcmbnaes Some individuals 
ace allergic Co mangoes as others are to atrasrbemes 

Ginger Paralysis {Jake paralysis) —From February to April 1930 
atte&uon was drawn to roysterious outbreaks of paralj’Sis ui certain parts 
of the United States especially CiDcinnati and Tennessee Male adults 
were chicly attacked and all gave a history of drinking Jamaica ginger 
one half to 3 weeks before the attack. The roost sinking symptom was 3 
flaeod paralysis of the dutal muscles of the Lmbs without invoUemeot 
of the sensory nerves except for a feeling of numbness and aching of the 
calf muscles preceding actual paralysis which usually followed after 
3 or 4 days In other cases the arms later became involv ed The knee 
jerks were usually increased tbe pbntar rednes aboluhed la some 
instances the dexor muscles were found to be weaker than the extensors 
and there was subjective loss of strength Cases were later found m 
Oklahoma in February 1930 Dy the end of April over 500 cases were 
deweltd and it was later estimated that thtit might haNe been in the 
neighborhood of 1500 cases Outbreaks occurred also 10 the middle and 
southwestern states In southern California there were 123 cases and 
316 were admitted at the Cinannati Hospital Others were reported from 
a number of the southern and other central western states 

The d sciic wu icgzrded >s a type of polyneuntu of usdeteniuned caUK It wfs 
(uggnted in Ooiton that the psnljus ougbt to be regarded as an isduMnal acadest 
asd tbe coDdilviB was ascribed by tome of the patieeu to iheii woik being performed 
OD damp and cold tloors or to uorkug u drafts. Death eccucred in aame tnstaocea 
and was thought to be due to respuslory patalyats An eaamisauon of the scivous 
U»ucs revealed degtseratios of the myetio abeaiha and (u> cyboderi of the radial, 
ulnar Kiatic exieroal popbtrtl mod antenoc and poatenor Ubiil aerves Tbe proctas 
was not found to extend up iotbe anienor roots. Laier studies esumated the number 
of nses that had occurred as betueen loooo and tjooo and ihse the sympt iss fol 
loaed the use ot an eetcact of Jamaica ginger ChUdieo were never atucked The 
eases were from 7-9 uses more froquent in men than w sromen. The average age 
was ar yean. Tbe fatahty rale was not b gb but in same eases the disability persisted 
lot t«<i ycaes ot even fenje? 

The cause was eventually found to be due to the consumption of 
adulterated Jamaica ginger whids conuined 3 per cent of Inotlbocresyl 
phosphate (Smith Etvovc \alaer Fnuier and Mallory) Later mvesti 
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Other tno'Rn p<jisoni>'us species of tins India ate /twani/tf nuscafie (Sy 

agancl and A yititirAendna («atted s{pnc) Still other comnwti poisonous oaei ttt 
Slra^/i<ir«t s<V!iiial'<!l<t llyfihahtna/atanlm snd Lacia lui etUtrtnt Ltftala enslila 
(cTestedagaric)aii(Ise\eralotbet^iec»es^Xe/io/aateitEardedwitbsu picion Cbopw 
points out tfiati’iai’Aai’a xaniMtiioa thCjelfoif staining jcushtoom has wused fl!n«s 
in some cases \ olio it flotocepiaU (the glutinous agaric) and related species hair 
alwa>s been regarded as poisonous Ifoaever Chopra aa)s there is recent tvidesct 
that shoas these roay be eaten mlhout ill effects He points out that th* aumherof 
speues that are poisonou:} is tomparatively few to the eunber eaten v>idely is Ia<hi 
lie refflscks that if they are first macerated in vinegar before thotcmeh cpciag sod 
eaten tvith plenty of bread few are dangertKisly poistweu* as the powosoas pnnopls 
IS destroyed at roo C 

Ergotism is another we)! known tllustmtion of accidental poisoning 
from the ingestion of food plants rye or other ceteab normally fthok 
some but which hate become contaminated with the fungus 

Plants Cavismg Dermatitis Venenata —There are a great many plants 
m various parts of the world which cause various types of derinititis-" 
erythematous vesicular or ucUcaml The best known of these plmts 
belongs to the I^hus fatnilj B> far the most common cause of plant 
dernutitis in the United States is poison iv> Jtlms toxiccdeniron audits 
closely related form known as po«on oak The poison sumac, Mm 
vcmix m the northeast and poison wood Meicpnm lottferum in the 
extreme southeast produce similar and often more severe dermatiw 
(Muenscher 1939) For poisoning with these plants it is necessary that 
contact be made with the plant— the idea that a volatile principle » given 
off IS not true The exciting agent is toxtcodendrol and it can produce 
dermatitis in susceptible persons m exceedingly small quantities cool 
of a milligram) 

R«pe«ted atUck* do not sevm to confer #n imtnumiy Following exposuf* 
siun iboutd be washed and sctvbbcd with soap sod water Alcoholic soJutioM or 
ones spread the ia£knima.iion Sinking results base been reported {oBowing adnuw* 
tiatiOD of poison »vj and poison oak estracta These extracts are solutions la a wejx 
table oil of a suhstance extracted from the feesh leaves of poison ivy and poison oak 
Thej are given intramaseulariy si intervals of from 24 to ^S houis Most plants sreia 
more irntatiDg when wet than when dry 

Reuter and White <1941) have studied the susceplibibty to and latency of poiwn 
ivy dermatitis A seetioii a cm square was cut from a fresh leaf and rubbed name* 
ately withmoderatefnclwiv iorapproximateVAOWcoodsontwoskinareas oneontn* 
Qecof surface of tie fore arm and the other on the lower leg A dry dresang was 
applied and the subject w as instructed not to vrasb; Uie areas inoculated until ptnn^u“® 
was granted Daily obsurvation* were made of the inoenUted areas Twenty cl tW 
43 subjects gsveapositisereactioncoiisistiflg of erythema papules vesicles somtUmci 
■with prutiUs and more rarely with oedema. Of these rg reacted to tbe first exposure 
The shortest penod of latency was oJie day the longest i8 days and the average 6 days 
Th duration of the resetton varied from a to at day* The casei of siwlest incubatico 
and most marked reaction were usually those of longest datation as well There were 
pa apparent variations according to se* ta« or site of inoculation Two subjeeti 
oho showed icnmuriity after tie second test were Jewish and fair of skin One ^r 
spired ptolusclj with an otherwise normal ibft The other bad a skin ra no way diSer 
eat from the other subjects Utted 

A large number of other plants are capable of causing dermatitis lo man W lav 
Uiuted Slates Amon? these are tie parsmp jo/ lu lady slippers Cypn 



POtSONODS PUKTS 


I4I' 


volunteer convicts Jn theCsicutUjai! 6 persons who w«c given suspected 
oil developed characteristic s>inptoiBs after 5 or 6 da) s nhile the controls 
remained healthy 

i,a) 4 R<J Roy in Calcutta aliA coodurted feeding wpenments co t j htalthv young 
subjects and on ibe fifth day sysnpioms »ere noted cob istiog of fever and oedema 
of the kgs Uaucs licUe'ed the eueoi at wtuuace » mustard 01! pwsomng it alljl 
(sothiocjinate and believes change* m the o t taht pU« sthen ti is cooked at a high 
temperttufe Chopra and Badhwar ( 940) point out ihat in some of the tpidecmcs 
the mustard oil uas adulterated viifh iofatorod froes seeds of f ^ mone vur cona tie 
ifeaicatt poppy or s* alhais Espetuneoia} »£>rk on human volunteers showed that 
food cooked in ml toBiaimug kno»B quaitutic* of A gem i# oil produced symptom* of 
gistro intestinal irtititioti oedema aiid eardne mvolirtnent cIokIjt ttieciWiaf those 
found in epidemic dropsy The aeti't pnnciph* present in this od has a cumulative 
Sect and provided suScient quanlii) of rbe oil is consumed svmptoms appear even 
though the tonsumplion of the A gmaa oil or locniRinated mustard od is stopped 
The seeds of 1 g mtmt m ri na resemble superficially mustard seeds La\ L oat) sod 
his associates have eootinued ihtir insestigatioo* upon this subject and have described 
a caeth d foe isoUc ng a substance nbich will indicaie fie amount of A genoee Ot) 
p esent in Mustard Oi! Thtv believe that the toiictty of the oil correspond* with it* 
content of this substance They obiained th s »ubsiarite in rr> stall nc fonts and gave 
It (he empi itaf formula of C If >0 N They base also deoionstrated that it ha* • 
p sonoui effect Hhen add d to the basic diet of sat* The oil after removal of the 
((Jifanmtfteebaseon exposure to bght become* biolog cally inactive but adm nist s 
tion of the white subilance resto e» (be tositity Cont I rats fed On pure 

mustard 01! showed no poison u« effect They ba e performed three feed ng eapen 
merits nilh a stniU number of otunlrers in the c experiment* the centMl gteup 
I ne they state proves the part taien by Argemone o I n lauainff rp dome d opsy 
but the actual ( nc ptinciple has cot yet been determined since (racti ns of the oil 
have not prov d toxic 

The sytnpi los of epidemic dropsy and the pathological ebaogos observed have 
been diseu sed fully b> Shaituck in Chapter \\\ 

thed iTe eniiationof ihisfortnofepideioicd opsy I m the oedema noted in Central 
I ufopeand Fgipt during the 'ft otW War may bedffcult the Utter apjarentlv being 
a defiewncy li ease In cases in «h ch the e ■* « defc ency of the albumin contained 
in the bio^ in ep drinic d pay egg and roillc alhutnia g en in Urge quaatiue* *(< 
ecomtnecided for (reatmcnt Thy ro d extract bas also been recommended and tincture 
frphtdra o-jon nims with calcium isctate logramstid basal obeeneraployed 
MiaccUaaeou* Sources of PUot PoisoiiiDg — lo addition to the d senses described 
nume ous other inatanres of poisoniisg by plaals are known some acc dental in origin 
and some inlenlional Steyn (lua') has recorded a number of tie mpoftant pfants 
ibaC halt au rd poison ng m South Africa Cheslnilt (1V3S) li led ontv aboul jo 
preirs of (lantf assoeuici wiib accsifenial poisoning m man poisoning wnb then 
gen rally resullirtg ft ro c nfusitig poisonous plants and harruless ones as mistakinR 
wsirr heml ck for el He foot* Jlowevtr Muenscher f 750' lists 400 tpeci s of 
l>o son us I ) nl in the tfnited Stale* whicb ba caused po sonins nher lU man or 
»n oial Use f fjwb » (bat contain (he largest number ol poiton u pecie are the 
1 ii r ae kanu cuUcea Legumnosar Cuy horbiatea kmbefbf ra Sofa aceat and 
n 1 u Ptu ic id occun m many vaiiwbte food* and In t reoto* d may 
I toduce »eti>us volts and even dtalb Oxabc an f Ubew i*c is nta ed in vansbte 
euanliiy n many dil le plant* 4* souf grass and huba b and may cause poisom g if 
ngrsled in ulTcienl quantity Tbehnseeipl ol f m « /JC tmam also contains 
a ) n g«tiel glue d» nhi h ocmi* very arlv n th d t! j menl of th* plant and 
pern t in th seed 

Maadioca Pofsonfsg — The root* of tl |t » i/ sia ( « y> (swr t cassa a) and 
ffjir h I ul I letu (b Her cassava) constitute e f the jno t importanv anicies of 
d I I the native* in many parts ot Africa 1 South Amenc» and in the West Ind et 
ConsumptoR of uanpe pccs.mman* e^ieaat'v by ehildtea la Australia baa at 
t mes s *n use Vo mo a or I i> *r > ua ympt ms due to eoaguf*' p of (it fruit •btti 
ir eome* into eoeuct with the IlCt of th* gaattc imce and tie gutnioittg of jusees 
together lato a fairly firm tnasacf pulp Th*y may mewr* aevetsl torbe* ia d amtitr 
and often tan only be effeeiuaily removed by oe<trat> a 
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gallons earned out show^ed that duckens laocoJated jv;!h unaduJ/frslfd 
Jamaica ginger remained healthy while others inoculated with the gmgfi 
containing i 5 percent of the phosphate dev eloped poljneuritjsafterabout 
9 days 

Canllo and Ter Braak (193*) desenbed an outbreak of poisoning arising 
from apjol and Jamaica ginger Apiol is an alcoholic extract of the frail 
of the common parsley (Corum petros^inum or Apium saimm) The 
drug has been used as an abortifaaent and for menstrual disturbances 
and in malaria and contains from 28 to s® ^^I’t of triorthocresjl 
phosphoric aad Canilo found that secondary changes might occur in 
the spinjl cord which had not pcevtou^y been noted 

Water Hemlock — Poisomag from species of the genus Ctcwtii (water 
hemlock) of the Parsley family is not uncommon in man and cattle The 
poisonous properly ‘cicutoun ' ts & resinovs substance Sound especimly 
in the roots and root stocks The leaves and fruits may apparently 
be eaten by animals without danger Children and adults have eaten 
the fleshy roots, mistaking them for parsnips, artichokes or other roots 
and serious or fatal results have followed The symptoms are pain in the 
stomach nausea sometimes leading to vioicnl vomiting diarrhoea, 
pupils, labored breathing sometimes frothing at the mouth, weak siwl 
rapid pulse, and violent convulsions In fatal cases the convulsions 
more violent until terminated by death, which results from respirator) 
failure In cattle, spasmodn. contractions of the diaphragm occurinstesd 
of vomiting 

The poison hemlock of ihe PanleyfamiJy fConiun watu/o/aw) ij probably the 
generally known poisonous plant histoncally it was said to have been adiwii'tttwa 
by (be Greeks to ioerstes and other State prwooen Cases of poisoning 

recentlyfromaccjdrntaleatinsof (besrrda nfiiciahave been mistaken for those of amse 

or eating leaves cusialung them for panlr> or the roots for parsnips The p«o 
seems to be most poisonous in the spring Tie s>inpioins in man are a general aoo 
gradual neaknrss of muscular power The power of sight U often tost butthemiso 
usually remains clear until death ensues from the gradual paralysis of the lungs ' 
difference from poisoning bj water hemlock Is the absence of convulsions ObMoosj' 
in all cases of poisoning of this nature an emeti,. should be administered unmediately 

SdustAcd Od Poisaomg (Epidemic Dropsy) — Epidemic drupst a 
disea e which ^mewhat resembles benben, since it is characterized by 
dropsy associated with cardiac symptoms but without marked paralysis 
or anaesthesia It has been described in India in Calcutta since tS77 
In rgyp an outbreak was rgxirtcd in Mauritius in which one tenth ol the 
coolies were attacked and a large number died In 1926 an outbreak 
occurred in Fiji which was ctmflned (o the Indian population There 
have been other outbreaks reported in India at intervals since 1913 
One of the worst was jn 1934 when over a 000 cases were observed M 
the time of the outbreak in Fiji in 1926 as the disease was confined to th* 
ladian population and none of the native Fijians were attacked it w^s 
suggested that the affection was due to mustard oil used in the preparation 
of the cumes Later Banerji and Gbosh m Bengal, and LaJ, Boy and 
Gbosal IB Calcutta also supported this idea In experiments among 
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junclivitu snd laflammatory chinges m the other mucous membranes result tl the part 
is touched with the fingers on which the btex u present If the fruit u eaten swelling 
ofthelipsandblistersanderosioasofthebuccalraucosamayoccur Nausea vomiting 
and difficulty m swallowing may be present sometimes hquid stools with blood and 
more rarely manifestations of profound collapse occur 

Earle (193S) says the wood shows a handsome gram and polishes weD but local 
carpenters will not often use it because its sawdust causes cough rhinitis laryngitis 
conjunctivitis and lachrymation 
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Treatment s largely symptomatic. It is recommended that the toanchineel juices 
present n the skin shoull be immed ately w shed 2 * th salt oat r If the fruit has 
be eat n an emetic should be given 

The latei of the pbnt has sometimes been mpl yed by the nauves as a hmmenl 
and the dried fru ts hue been used as a diureti The seeds co (am a purgau e oiL 
Ptanta Especially Used for Cnmioal Polsoolng — The root of Cton ja npnhi a 
plant wilely di tnb ted in tropical Asia a dAfnea has been used to produce poisoning 
It IS somel mes called wild aconite nd ih pfa -si lopcal effects due to the active 
pn ople s-iiptrUne art umilar to thcrseol aconite po soning— tingling and numbness 
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The roots are generally dned and ground into a powder and used as a Hour iBst 
forms the ba& s of cassava caVfs In more civihaed areas ifarcb and lapioca are 
prepared from the roots Hitter eassasa contains a glucoside nhiclt la the preteacecf 
water sets free IICN and in order to avoid poisoning the tuber must be scraped 
grated scjueered free of its luice and then thoroughly washed 'Iht&i(ise(«s 
dried in the sun In cases of poisoning nausea vomiting distention of the ahdomrB 
and impeded respiration occur 

Holland (1558) points out an interesting though not uncommon 
instance of a fruit being both edible and a dangerous poison This u tie 
npe fruit of the cultivated treePangiiiw edule Reinw which i> quite whole 
some while the unripe fruit produces tUness or even death The tercel 
may be eaten after steeping and baking 

The fruit 0/ the wild tree atallstages and the kernel are poisonous and the senpoi 
kernel of the wild fruit, which is street like scraped coconut can be added to food 
when Its ptestnee cannot be detKted lethal doses have thus been placed in food Md 
It has been wideb used for homicidal purposes The chief use of the nut in seiot 
villages has been in stealing fowls The scraped kernels are thrown to fowls ind these 
die quickly after eating them However the crop « then tetnoved sod the foal may 
be eaten Chemical examinations have shown (hat the kernels contain hvdroc)'an'C 
acid sn high concentration probably in combination as 10 the case of the glucoside 
amygdaho 

Various species of Jalropha fphjsic nuts) are found in India and tie 
West Indies and symptoms of severe gastro mtesfinal irritation, more or 
less like that of croton oil result from eating the seeds Similar cases o' 
poisoning have been reported b> Rajmood from Tanganpla as due W 
the ingestion of the nuts of the coral plant 

The nuts of the species Jatropha tHuUtfin taste much like sweet almonds 
leaves of Jetrtpha trens in the West Indies have irritating hairs whiih ““y 
swelling of the lips nausea and proslraiioo Another species found in the UnitM 
States from Virginia to Texas / lUmu/ma (spurge oettle) produces stmilat symptoms 
Fainting occurs in severe cases 

The manchineel tree (llvppomane manitntlla of the order Eupher 
hactae) has long been a source of poisoning m the Mest Indies, northern 
South and Central America, and Florida It is a handsome tree av eragi»S 
30-50 ft in height and a circumference which may reach 5-10 ft Two 
varieties are recognued, one with holly like leaves and the other wit" 
laurel like leaves The former is more common Both ace equally 
poisonous and produce fruit resembling crab apples whtLh have some 
times been eaten with fatal results, especially by those unable to obtam 
other food However the taste is pungent and to some disagrmhlt 
The latex contains a greenish resin which is the active toxic principle 
There is a legend that it is dangerous to sleep under the shade of the tree 
as death may result and it is also said that smoke from the burning noon 
produces severe inflammation about the eyes Ram drops falling on the 
skin of a person sheltering beneath it tna> cause irritation All parts of 
the tree appear to be toxic 

People wbo *r« hypersensitive who pick the fnui may suffer from a skin irntatioo 
consisting of at first an erythema and later the fonaaiion of vesicles and bullae Con 
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bfcon^M violent bQtlalciDndrovsmeuMtsinii^otkedbTceinia 'nie>ellowoleandrr, 
C< i a tknelia is a very poisonous plant found u India Tbr poisonous pnnciples 
are glucosides nenoside and oleandroside and are found m (he miUcy latex Sioulac 
substances ureehitm and utechtloxin from tret* / r tu&erec/a possess a cumulative 
actioB and sudden death may occur before suspictoo of po soning is aroused 

The juice of a species of />rf t*ot (of the Milkssecd faauly) bas been used in India 
as an infantiade It produces symptoms of TomatiDg salivation and cramps and final 
collapse The roots of various species of Aevnifim already referred to have been used 
for the same purpose deatholten taking place tn (rant 3 to 4 hours 

Id New Guinea ItoTland (1938} reports that (be eating of the toots of mid species 
of Derns is the commonest form of suicide among the natives The root is IifiowB under 
the name of bun and it has only been identified as Derria root since the pbnt has 
become of value as an tosecucide The conditions he found at autopsy are indicative 
of acute congestue heart failure The poitoaous iubtiance of the species Dtr s 
I fuea IS roteaone Other toxic resins are also present as dcttide As an antidote 
the Datives use (he sap expressed from the toots of (be banana nhich is mucifapnous 
and acts as an emetic 

Common native poisons employed in Itraail are prepared from Paul! Kia pirmolj 
'wbicli contains an alkaloid (timboieV and from the fruit of Tknclta ahant uhich coo 
tains the poison tfaeietosm Both of these cause vomiting and acute respiratory 
failure In the Dutch Cast Indies the common poison is extracted from the roots of 
species of \ti 2 M a Folio ing its ingestion debilitation headache diarrhoea and 
collapse usually occur followed by death 

Jeitgltol Poisomsg — DeLangen has reported t5pecvaU> the eccunence 
tn the Dutch East Indies of poisoning from eating the pod [ruiU or beans 
of Pifheealobium (tmnum one of the species of the Munosaceae The 
fruit IS eaten tvuh great avidit> by the natives alfhough it has a foul 
odor It u crushed and roasted before use The beans are someiimes 
put through a pre!iminar> appetizing process which senes ti> increase 
theif toxicity 

They arc first buned in the ground (or about odays ben they begin Ifr iproui 
they ate ready ( r use and are eaten Jesyl I so prepared ts ralird bfivfh in Java 
The seeds contain artbrnal oils and exert a powerful irntit ng artun H c imali 
amount » taken there is apparrnily no other effect than causing (be uriae to assume 
a most unpleasant odor though red blood cori uscles ma> be found in the sediment 
However if larger amounts are consumed m id ctarai s in the ( ins may follow as well 
as spasms in the bladder The urine then c ntams some albumin and many red blood 
cells and Uucocjtes The odvr of the urine and of the breath makes the d agnosia quite 
easy li Urge smounts art tsk n the poisoning »s se ere and the picture alarming 
Intense c ( cky pains in the abdomen and I ms occur nilh sometimes vom ting snd 
con (ipxlfon coupled with flatulence lal eotsaresometimcs sent to the hospital «ith 
a d agnosis of peritonitis tn some lostaoces the Siinploca resemble strongly those 
I kidney stone The unne is highly col red and concentrated rcsenvbl ng tn at ju ce 
c Titxi ng moth albumin and many cssla as weB as a Urge qusniny { blood The 
urin has the charactemtic penetrating d sgusting od t f j ngkol In som cases 
anuria de el pi and then the dixgno Mean be made ft tn the wf t of ihe b alb The 
most sinking c nst tueat of the unne is the set] m nt ( m II sharp si gbtly soluble 
crj iials which d ssppeat a short time afies the nnne has been passed and kept 10 Ihe 
Uborstoiy D !*ngeii bel vei that these ctystals gi e rue 1 the kilney ij-enptoms 
in a purely mechioical way Van keen and lliiman have mcceedid la extract ng this 
same rystsl! ne substance from the {engk I bears wlach they aamed dienkoUuat 
0 gc he acid) 

A a further product f dec repositi n pb o t a tK aad was ( rtnevf DeLan* n 
points out that spparenily the glueosu) u rcUted t that of muitard o I fo med by 
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of the hps and pharynx nausea vonuUns abdominal pains cardiac depression and 
collapse symptoms Consciousness is retained until the late stages when convul ions 
may appear 

Various plants belonging to the Order Solanaceae are used in raat> parts of the 
tropical world and by criminals in temperate climates to produce unconsciousness 
Chopra has reported fatal cases o{poi3omDgfrom/<://’i’//ii> in India in which thesyrap 
toms were dryness of the mouth and throat dilatation of the pupils and dehnum 
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The seed of Dal ra/asliiosa are used by the Thugs in India to produce 
ness and various other plants whose alkaloids have a similar action to belladonna 
used bj the natives of many parts of the tropical world The seeds of Datura nav^ 
only a slight taste and are consequently easily introduced into food D 
has been employed in Peru and Colombia and D Jeret and D arborea in Brazil 
characteri tic seeds are sometimes fou d in the faeces or m fatal cases in ’"jj 

The dnedleaves of flyMeyawiMniger orhenbane is the basis of some of the , 

out drops used by the underworld In poisoning from these plants there is a nus 
face widely dilated pupils with the eyes bright and shining The throat i 
There is marked disturbance of vi on At first the victim is very talkatue ana so 
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more of the following sites were alwajs imoKed nape of the neck and 
upper back waist line (anterior posterior or on one side) sides of the 
ankles dorsal surfaces and sides of feet and lower one third of the legs 
In e\er> case the sites of the lesions corresponded eractly with one or 
more of the dhobie marks on their recently laundered clothes w orn by the 
individual Recurrence of lesions was noted promptly if marked clothes 
were again worn 

As their article implies this form of dermatitis should not be confused 
with 7 tnra crurij infection which is described on page it68 of this book 

Dbobic Itch has been a well recognized form of tnchophy ton infection 
among white soldiers and ciyilians m the Philippine Islands since the 
early days of \mencan occupation m 1899 It is not the custom of 
Philippine washermen to mark clothing m this manner The tnchophy 
ton fungus may almost invariably be found m scrapings of the skin from 
the lesions (Sec p 1170) This form of dhobie itch is an entirely 
different affection from that referred to by Iivingood Rogers and 
Fits Hugh 

Waud and Fein U943) have also referred to this form of dermatitis in 
our troops m India caused by the mk from the bichi nut used m marking 
clothing They produced the lesions experimentally by placini, some of 
the juice of the nut upon the skin In i»-J4 hours a reddened area 
appeared around the patch In the severe reactors the patch became 
swollen the macular area changed npidly to a papular and then vesicular 
type of lesion The itching was intense and the heads of the vesicles 
w ere soon remov ed by scratching The treatment is primarily b\ remov al 
of the cause 

CokUmith (1943) has reported dermatitis affecting r6 persons 
(employees of one of the large government departments m \\ashingtonl 
due to handling mail contaminated with the juice of the bhilawanol or 
the Indian marking nut A Lottie m a sealed mail pouch shipped from 
India by air had become partially opened and its contents (thick black 
oill had contaminated various pieces of mail The contaminalin>, sub 
stance was labeled bhilawanol oil Three workers who were unpacking 
the pouch wiped the oil off the mail as well as they could It was then 
distributed by a force of carriers and clerks numbering approsimatelv 50 
lly evening a number of workers complained of Uching and burning of 
their hinds arms and face Within 24 hours a vehicular eruption 
appeared on the expo ed parts Some of the workers did not touch the 
mail until as I mg as s da\s after it was unpacked but these also dev elopid 
an erupum ly 18 hours after contavt FsentuaUs ih if approaimaUK 
to cxjwcd jicisons devclipeil dermatilts of varying de}.rces of seventv 
The appearance was similar to that of typical dermatitis venenata from 
hhiis t xuoJendrcn The oil 1 obtained from the juice of the marketing 
nui the ittmecerpus anacordiun It is a member of the tame familv 
\nacanliaciac as the severe irritant 1 hus plants of yjangifera the 
cashew nut and the agent causing dermatitis in Japanese lacquer and the 
MangJ (See pa^e uog ) 
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tniytoic action It is this substance that pvei the unne its pesttratiuj odor Tie 
snuna usually passes off ma day or two but theuiine continues for a longtune to situ* 
a trace of albumin DeLangen has not seen fatal cases Mteyen (1941) Kpottsuro 
fatal case* la both tie hi doeys were very hypetaetnic 

Tbe icDgkol bean has » high snumin B contest and is used as a food m spite of iU 
lo«c properties la some instances an increase m the eaeretion of sulphur is foiad a 
the unne 

Opiurs.— Tbe use of epium is coornon atoong the inbabitants of India, asd tie 
Onest not to refer to the drag addicts of Europe and Aaiecia fa India Persa esd 
Africa opium is almost invarubly eaten or taken in pill form and with its use m tin 
way the ill effects ate much reduced The mental moral and physical deterioration so 
common in those who smoke opium as in China Malaya and sometimes in Persia or 
who use morphine or other alkaloids hypodemically is not so marked There is iha 
less tendeney to increase the dose Every medical maa should read DeQumety* 
Confessions of an Engbsh Opium Cater to at^reciate the slight effect this hiid had 
on the author for the first few yearn of hts addiction He took the drug as did tbe native 
of India In the Far £as t native moihen and a et nurses somedoses smear the nipples 
of tbe breast with the drug and it has been a sot uncoomoncustomfor iheBstivenorsw 
or ayahs to soothe babies to steep by dipping the inger in opium and giving it to the 
baby to suck Such treatment u obviously highly deleterious to tbe child Tie 
ninutely contracted pupi Is may suggest to tbe practitioner this form of jotojicsuon m 
obscure esses of illness 

Erythrozoloa Cocoa — Cocaine has been especially used 10 India and in parts el 
South America as a stinrulant or uitoxicasf In India the drug is chewed with hstel 
nut and slaked lime (cAusiaw) In the uplands of Peru and Bolivia the leaves wnico 
are first dried in the sun ate also chewed with bme The natives have the custom el 
nakiogaballof theleave-s which they carry most of the day between the siueaui sits 
btanes of the gums and cheek The drag produces at firet a loss of aensatwn m tat 
tongue and Ups followed by dryness of the mouth and fauces tbe pulse becoBesst^tl 
crated and a penoet of tiUnty or exaftation due (0 over-stimulation of 
system occurs From the chrome use of the drag however the taste is soon aboUibM 
through the anaesthesia of the nerve terminals Pernicious symptoms soon deytep 
The individual becomes ersacuted and cachectic There la often insomnia and di^ 
live disturbances The appetite is losi and the individual soon becomes under 
naarubrd and vitamin deficiency disease a bkefy to ensue A largo perrenUge of tw 
native inhabitants have become addicted to this habit in the mountainous regions 
especially of Peru and Bolivia . 

Dhobte Dexsnatitis — Liv ingood Rogers and Fiti Hugk (t94l' 

have describee! $3 cases of dhobie mark dermatitis resulting among 
American sofdiers serMngin Iiufw due to articles of clothing worn b> them 
that bad been marked with the juice of she marking nut They wEte 
informed that the marJting^fimd used by the dhobies throughout 
obtained from the nut of the ral or beta gulii tree The etact Jocabzation 
of tbe circumscnbcd patches of dermatitrs on that part of the skm m 
contact with the dhobie mark and the course of the lesions made A quite 
obvious that this represented a contact dermatitis induced bj the marking 
fluid which the name dhobies or washermen used m making their charac 
lenstic laundry marks A targe series of patch tests was made not on!> 
to prove the causation but also to establish constant factors so that t«J 
true mcidence of senaitivily could be detwniined Of prev lously affected 
persons So% were positive to pacdi tests Tbe first symptoms were 
localised pruntis at the site of contact with the mark during 8-?4 hours 
This was followed h> loczhzcd ksioas varymg la seventy from moderate 
erjthcma and oedema to definite vesiculitis oozing and crusting One or 
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Merrill (1944) (an eminent aulhontj) points out that it is eiident 
ihit ns the war progresses there wiJJ be other cases of dermatitis ofasensd 
m theactne ind potentJaHj active nreas i^used b) species of the tiidr 
cardtacae which have such a ttorW mde distribution and he lists anumhe 
of the more important species which arc liable to give rise to di turb tij, 
dcrnatitis in tropical countri« He adds that on the whole he suspects 
that It will beonij on rare occasions that cases o/anarcardiaceousdermali 
tis n ill be noticed and if such cases do show up then one should appb the 
same treatment that one would use for Jt/ius dermatitis at home 
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worm maj cause symptoms very varied in character and the same might 
be said of the ubiquitous round worm 


Dioctophynoidca 

Oryuroidei 


Strongyloididae 

ITnchundae 

iTnetimelbdie 


i Strongylidie <Oesoph»gostomun 

(syngamui 

bteta«trong)lj<l3e >l«(ts(rongy)ui 


Dioetopbymidae 

Oxyutidae 


S sttrcoralis 
T tnchiura 
T spirahs 

S A duodenale 
A braziLense 
N smencanus 
T demiDutus 

! 0 ap ostomum 
0 thonasi 
S laryngens 
T cDlubri/ormis 
H contortui 

E vermicularii 
A lutnbncoidtt 
T Uotun 

P csucasica 
C pulchnim 
C pmigerum 
T nUipaeda 
1 . \IA 

W bancrofti 
r milayi 
M etaardi 


\DncuncBb]ac 'Dtacunculus 

( C gantorh)Dcbidae Macractnthoi 

< hynchua 

( NIon bfonntdar Mon Mormia 

\ n rudmidae tlUndo 

< flamoatia 

(tiacniadp d e IU«inalip<;3 


M taon Iiformis 

It nvedicinaba 

n c\tanica 


The aubph>Ium Nemalbelmintbcs la di nkd into two cU s«s tb Ncmatodawhch 
posMaa a gut but are mlbout a proloacu and the Acanlbocephala which the gut ■ 
abaetit tut ptoboatia preaent Tbe lormcr indulea the aubctaaacs Eun maloda and 
Gord acea o( wh ch the btlei are scaient Uv panailic n nun Tb Funematoda 
contiinan rmallvfrte bainglorraatord gantiaotaome ulhor ) wh ch are occaaion 
ally introduced aceidcntiHj Int nan and the nitre important par sitic forma (order 
Pariail of aome aulhora) Fight supetf mibea of the paraailic forma are included in 
ih Kev from \ rkea d Mapl tone hutretetal tthegr upah re cUaaed aalinwUe 
are regarded aa auperfam Uea by aome autb n« a. 

Note —The \nnebda are grmjpe<i niUi the round worm table for e n\tai nee onlv 
d not to ahow taxonomic relatfonabip Tbe Acaethocrpbala are not cloaely related 
to the nematodea and their ta onotme positaon ta atiU in doubt 
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ANIMAL PARASITES, WCLVDING 
HELMINTHS, INJ0RIOUS ARTHROPODS, 
POISONOUS riSH, SNAKES, AND 
COELENTERATES 

Chapter XLIII 

COMMON COSMOPOLITAN HELMINTHIC 
INFECTIONS 

CENfilUt COMSIOERATrO\S 

Sut%e>s in various parts of the tropicsJ world often show njore thao 
90 per cent of the children and almost as high a proportion of adults to 
be infected with helminths Of the cosmopolitan round worms Asians 
and Tfiihuns are the most common and of the tape worms, 
nana These j helminths do not require an intermediate host in their 
life history so that the unhygienic ways of living of the most priraitise 
peoples give opportunity for almost umver al infection 

The morphology al any one of these parasites and the appearance 01 
the ova as well as the treatment of the infection, are the same waelflet 
It is encountered m tropical or in temperate climates However ail pi 
them are found more frequently and in far heavier infettwas in the former 
than ID Europe or Amenta 

With such round worms as Trtcf/inftla spiralis or with tapenorns 
Taenia saginda T sohnm and Diph)Uobolhrtim latum secondary hosts 
are involved in the hfe cvcie Lven if introduced into new territory suti 
infections fail to spread if the custom of eating raw or insufScientlv 

Cooked pork beef orcertaiokindsoffishdoesnotexistamongthenatives 

The trematode parasites of man all require two or more hosts in their hfe 
history 

In many parts of the tropics it is usual for the patients in the native 
clinic to harbor the round woiro Ascaru the whip worm, Tnehurts the 
hook worm Ancihslcn-a or htcaiof or at times all three However it 
IS of course advisable to have accurate laboratory data as to the pres 
ence of the ova of intestinal parasites more particularly as to Ascans, so 
that in getting a history wc may not be led astray by complaints of 
intestinal disturbances Stiles has stressed the fact that the bed tape 
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worm may cause sjmptoms \ery aaned m character and the same might 
be said of the ubiquitous round worm 

CLASsiTtCATiotr or the KcvATBEunvniES (Round Wosus) 



Class Nematoda 


Supetfaimly 

FamQy 

Genus 

*'pceies 

Rhabdiasoi lea 

Strong) loididae 

Strong) loides 

S steicoralis 

Tnchuroidea | 

Tnchundae 

Tnehuns 

T tnchiura 

Tnchinellidae 

TncbmelU 

T spirabs 


'Anc)lastoiRidac 

1 \iicvlostoma 

(A duolcnale 
(A braubeose 



(Kecator 

N amencanus 



iTernideos 

T deminutus 

Strong>loi]ca | 

^Strangyldae 

1 

c Oesophagoslomum 

10 apioslomutn 
)0 thomasi 


1 

ISyngamus 

S Uryngens 


Tnehost roog) hdae 

(Tnchostrongylus 

Mtaenoachus 

T colubrtformii 

1! contortus 


Metastrongybdae 

Mctasttong)lus 

M apn 

Dii>etQpfa}meidea 

Diectopbymidae 

Dioct«pb)irie 

D rensle 

Oryuroidea 

0*)'undae 

Enterobius 

E ermieuUns 



( Ascans 

A lumbricoidea 

AKsroidea 

\scandae 

<ToaaKans 

T 1 onina 



|Tox cara 

T caeis 

Spiruroides 

Spirundae 

jphysaloptera 

(Congylonema 

P caueai a 

C pulchrum 


Gnathostoenatidae 

tCnalhosioma 

(TheUaia 

C p nigerum 

T calbpaeda 



,Loa 

I. loa 

J 

f 

iWuebe ena 

\\ baocrofli 

filanoidea | 


IFiUna 

h maUii 


|FiUnidae 

< MansonelU 

M orsard 



lAcanthocheiloBema 

\ perst ns 

1 


1 Onchocerca 

0 1 -ulus 

1 

[Dracuncuhdae 

'Dracunculus 

D mcdinensis 

1 

i Cigantorhynchid e 

Macracanlh r 

M hirudin eus 

AcanlhocephaU 


hynchus 


(CUss) 1 

( Monilifonnidae 

MoiuUonnis 

hi moniliiorm 


|h rud It dae 

1 llirudo 

|[ me<l inabs 

Annelida (rh)lum) • 

iLimuatis 

1 mlotica 

Ilirudinea (CUss) 

( Ilaemadipsid e 

Ilaemadip a 

n se)lanica 

The tubph)lum Semath Iminlbesitdis 

1 led into two cUsse 

the Nemaioda which 


potwis a jvt but are without a probovu •nd Ihe Ara thoctphaU o »b h the fut i 
absent but proboscis pr »ent The former i eludes the subcU vs t uncmitoda and 
Cordiacei o( which the Utter are aced ntall) parasite in man The lunem to<lt 
c nliins normally free living forms (order \a|:antia cl some authors) wh ch areoccauon 
aHy introduced accidenlallv into nua and the more import nt parasitic forms (order 
rarisiu ol some authors) T ight superfamhes of the parasitic forms art Included in 
the Key tr m \Drhe an 1 Mipl st ne butse eralofthejro ps here cUssed as fam 1 s 
are regarded as lupetfimiUes b) some a ihontses. 

Sole “The Annehda are grouped with the round worm tahl f r conienience onl) 
and not to show tasonomic reUt onslup The VcanlhoctpbaU ate not closely reUted 
to the nematodes and their uionomK pesitioa b still in doubt 
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Classification of the Nejiatoda (Rouvd Worms) 

The nematodes are c>lmdncal non segmented parasites usuallj taper 
ing at both ends They are ivhite, redor>ellow or brownish in coloraad 
sometimes semi transparent 

All nematodes are cohered with a cuticle varying in thickness and frequently naged 
Characteristically the cuticle is moulted four times during development The cuticle 
IS formed by the underlying ectoderm which is as a rale markedly thickened latenuUy 
so as to form four ndges which dmde the body into quadrants Within the ectodena 
IS the body cavity a space containing clear fluid in nbich the reproductive organs he 
The excretory system usually consists of tno tubes which discharge near the head 
While the alimentary canal is mote or less tube like in appearance it shows near the 
mouth a distinct oesophagus This may have a scanty musculature and he apposed 
to a single row of brge secretory cells (Trichuroidea) it msy be muscular without a 
globular bulb (Strongyloidea) or muscular with a posterwr bulb (Oxyuroidca) b 
FiUnoidea and Spiruroidea the oesophagus may be divided tandem There is a nerie 
ring around the oesophagus 

The testis and ovary are generally tube tike The sexes ate as a rule sepsrat' 
The male can usually be recognued by its smaller swe its curved or curled postemr 
end at tiroes exhibiting an umbrella like expansion— the copulatory bursa The 
spicules cbitinous copulatory structures may be observed drawn up m the worn 
or projected out of the cloaca The genital opening of the female is ventral and may 
vary in position from close to the mouth to near the tail That of the male is close ts 
the anus and both open into a common cloaca which opens in the ventral hoe as the 
cloacal aperture Certain papillae in the region of the anus ate valuable m diSerentia 
tion of speues 

Many nematodes develop m damp earth from the eggs as rhabditiform larvae 
Very few nematodes are viviparous (11 vcAereria Tfufunel/a) most of them being o i 
parous (Ascaris) 

The parasitic Lunematoda are divided into at least eight tupeefarulies 

IUy to SuTEktAUILItS 
(Modified from Votke and Maplestone) 

r IleterogenetiC parasitic form partbenogeoetic Rhabdusoioe* 

Not heteiogenetic parasitic forms sexually dillerentiated * 

a Oesophagus consisting of a nairow tube with reduced musculature m association 
with a row of Single oesophageal cells the stichocyte Tnchuroides 

Oesophagus not of this type ^ 

3 Males with a bursa Copulatnx ^ 

Males without a bursa copulatnx ^ 

4 Bursa copulatnx cuticular and supported by rays Sttongyloide* 

Bursa copulatnx muscular and not supported by rays DioctophymoKiea 

5 Oesophagus dilated postenorly into a bulb usually conlaimog a denticular appat* 
tus and frequently separated from the rest of the oesophagus by a constriction 

Oxyuroidea 

Oesophagus not dilated postenorly into a bulb , 

6 Head with three btge lob s or lips relatively stout worms Ascaroide* 

Head without three large lobes or lips but with two lateral lips or 4 or 6 small lip* 
or Ups absent relatively slender filiform worms 

7 Usually with two lateral lips chitioous buccal cavity or vestibule usually preseo 

vulva usually in the middle of the body or posterior to it parasites of alimentary 
canal respiratory system or orlntal nasal or oral cavities Spiruroioe* 

Usually without bps buccal cavity or vestibule absent or rudimentary vulvastaos 
invariably in the oesophageal region parasites of the circulatory or lyopbati 
system or muscular or conaecUve ti sue or of serous cavities Filarioiue 
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The f imily Angmlluhdae (normally free living nematodes occumng only accidentally 
m man) contains the genera and AntutUuJa Several speuea of Rkaidtltt 

have been reported from man AnpttBtdt acftt the vinegar eel has been reported 
from the genitourinary tract several tunes Such cases can be explained by the prior 
contamination of the unne bottle or by the use on the part of the patient of a vinegar 
vaginal douche 


SUPERr««n.Y I — ASCAROIDE^ 


The parasites of this family have a mouth commonly provided with 
3 promment bps supplied with papillae r dorsal and 2 ventral but lading 
a buccal capsule Fig 271 The oesophagus is muscular and usually with 
out posterior bulb Males without 


a bursa copulatruc and usually 
without caudal alae 

Genus Ascuis Linnaeus 1758^ — This 
genus includes those speues of ascands 
in which the lips have dentigerous ndges 
but in which ce vical alae are absent 
They re relatively stout worms 

The male i amaller than the female 
and has a comcal tad without caudal 
alae Infrontof andbebiodthecloaca 
there ate numerous papillae Thespicu 
les are equal in sue and have no lateral 



wings 

Id the female the vulva is double and situated id front of the middle of the body 
The eggs are characteristic in that they are brown sh in color end have a thick smooth 
shell surrounded by a corrugated or mantmllated albuminous coat and m that they 
contain a large unsegmested ovum when passed in faeces 
Type species Aiea r/umhrteeidee Lumens ti$% 


Ascanasis caused by infection with Ascaris liimbncotdt: which is prob- 
ably the most common helminthic infection of man especially of children 
A species morphologically identical has been encountered in pigs and 
in the gorilla It occurs throughout the world m temperate as well as 
tropical regions and has been reported from the arctic regions The 
most severe injections are encountered usually in tropical countries 
where in the warm moist chmate personal hygiene and environmental 
conditions combine to favor embryonation of the ova in polluted soil 

Morphology — The par site is large (from »s-40 cm m length) nd in shape and 
size somewhat resembles the common earth worm being yellowish white and a bght 
brown in color The female genital system is double The worms a e cylmdncal 
tapenng to a blunt point at each end The body is transversely striated The females 
are usually o-j6 cm long and 4-5 mm m diameter The males are slightly more 
slende and shorter nd from 15-300111. long The mouth is prowled with j p piUae 
hke hps with finely denticulated margins m rfccd off from the rest of the body by a 
sharp constriction The cloaca is near the posterior Up andf om t m the male projects 
two large lance hke copulatory spicnles The posterio extremity 0! the male unlike 
the fern le is curved ventrally and has 7 pairs of post anal papillae The uterus con 
s sts of to g whiti h convoluted tb ead hke tub s terminating m oviducts which lead 
to the vulval orifice on the ventral surface t the junction of the antenor and middle 
thirds of the body It has been estimated that the genital ducts of the female Ascorts 
contain about 27 000000 ova 
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CtASSIFtCATIQN OF THE NeUATODA (ROITVD WORUS) 

The nematodes are cjhndfical non segmented parasites usually taper 
ing at both ends Theyarewhite t^or>el!ow or brownish in color and 
sometimes semi transparent 

AU aeaistodes SK cot end with acatide varyinffw tfcjctnessaad freqBeofJj’nstii 
Cbaraeteristieany tie eutjcfe is nioulted font times daneg development Tie citicfe 
IS formed by the underlying ectoderm which ts as a rule markedly thickened inlenuUy 
so as to form four ndges which divide the body into quadcaats \tuhta the ectodeia 
IS the body canty a space containing clear fluid in which the reproductive orgsnshe 
The Mcretory system usually consists of two tubes which discharge near the head 
W hile the alimentary canal rs more or less tube like in appearance it shows b«t tit 
mouth a dalmct oesophagus Thu may have a scanty niusailature and he appsKd 
to a single row of large secretory cells (Tneburoidea) jt may be muscular without s 
globular bulb (Strongyloidca) or muscular with a posterior bulb (OajTirojdea) in 
Filartoidea and Spiruroidea the oesophagus may be divided tandem There is a nerve 
ring around the oesophagus 

The testis and ovary are generally lobe like The seres are as a pie se{««« 
The male can usually be tecognued by its smaller sire its curved or curled poste^t 
end at times eahitnting an umbreUahke etpansien— the cepufatory bursa 
spicules chitinous copulatory structures may be observed drawn up m the wefts 
or pro;ected out of the cloaca The genital opening of the female is ventral and may 
vary in position from close to the mouth to near the tail That of the mate u deJeW 
the anus and both open into a common cloaca which opens in the ventral line s$ the 
cloaeat aperture CerUin papillae tn the regioa of the anus are valuable in (ii2<Kat>* 
tion of species 

Many nematodes develop m damp earth from the eggs as rhabditiform kil'** 
Very few nematodei ate viviparous (H wcliererM Truh nelh) most of them being o>i 
paroua (Atcant) 

The parasitic Eunematoda are divided into at least eight superfemilies 

Kev TO SopcBrAUfuss 
(Modified from korke and tfapfestone) 

I ileterogenetsc parasitic (otna parlhenogenetic Rbabdiasoiata 

Not heterogenelie parasitK forms seaually differentiated ’ 

3 Oesophagus consisting of a narrow tube with reduced musculature lo associstiau 
with a row of single oesophageal cells thesticbocyle Tnehurowta 

Oesophagus not of this type ^ 

3 Males with a bursa copulatrtx * 

Jfales without a bursa copulatnz ^ 

4 Bursa copulatris cuticular and supported by rays StroDgylowea 

Bursa copulatrix muscular and not supported by rays Dioctophymodr* 

5 Oesophagus dilated posteriorly into a bulb usually containing a denticular appaf* 
tus and frequently separated from tbe rest of the oesophagus by a constnctioa 

OxyuioidM. 

Oesophagus not ddated posteriorly into a bulb ^ 

6 Head with three large lobes or bps rdatively stout worms Ascatoioea 

Head without three large lobes or bpa but with two lateral lips or 4 or 6 small Ups 
or lips absent relatively slender filiform woims J 

j tlsually ivith tw o lateral lips viiUnous buccal cavity or vestibule usually present 
vulva usually lo the auddfe of the body or posterior to it parasites of aliBsenUry 
canal respiratory system or orbiUl nasal or oral cavities Spiruroidw 

Usualiywithoutlips buccalcavityorvesubuleabsentor rudimentary vulva abw« 
invariably in the oesophageal region parasites of the circulatory or lymphatw 
system ormuscukr or coaoecUve tissue or of serous cavities Filanow'* 
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transmitted primarily b> direct hand to mouth transfer of eggs which 
ha\e developed on the moist doors of the house The larvae (o 24 mm 
long) are liberated in the contents of the small intestine 

Stewart (1916) Ransom and Foster (igi?) and Ransom and Cram 
{1921) and independentlj the investigations of Fulleborn (19 0-26) 
demonstrated that the<e larvae penetrate the wall of the small intestine 
reach the mesenteric limphalics or mesentenc venules and are earned 
through the nght heart to the lungs Here after a sojourn of several 
days they usually break through the pulinonar} capillanes into the air 
sacs and are earned up the bronchioles bronchi and trachea to the epi 
gloUvs are VVitn swaVWed and pass down to the small mteatvne where 
they develop into adult males and females 


In individuils e»posed to heavy inoculations with infective Stage eggs some of the 
liivat may pass through the putmonaTy capitlanes uito the left heatt and systemic 
ciicul t on and may be filtered out 10 various organs and tissues of the body as the 
lymph nodes the thyroid thymus spleen the brain and spinal cord where they may 
set up unusual clin eal manifestations they niay accumulate m numbers in the kidneys 
and be passed in the urine or they may even pass the placental filter of pregnant 
mothers and reach the foetus During the sojourn in Ihe lungs the larvae moult 
twice (once after j or 6 days the second tine after the lothday) reach a length of i to 
1 1 mm (average 1 s turn ) and acquire a resistance to gaslnc juice by the time they 
reach the stomach While in the lung if the infection » heavy the parasites give 
sue to b oncbius with considerable bleed ng or even to an ascans pneumonia 
ccompanied by fever and eos nophiLa They nay be demonstrated in the sputum 
This passage through Che lungs seems to be essentia! for the development of the worm 


Oa reaching the intestine the larvae (to to jo mm long) develop 
into adult forms after a period of 8 to 10 weeks The bfe span of the 
adults has been estimated at about a >ear 


This cycle has been demonstrated by feeding mature /t luffiirieeufei ova to tats 
guinea pigs a d hogs In these animab the ova hatch and the larvae migrate to the 
liver lungs and back to the intestine (although in such unsuitable hosts development 
usually does not go on to the production of mature adults) The same appears to be 
true m man Koino e g swallowed joco matu e Asca s ova and developed pro 
nounetd symptoms of lung mvolveaient nitb bloody sputum containing larvae Filty 
days later following an anthelmintic 667 worms were recovered loshida swallowed 
Urvae taken from the lung of a guinea p g and ten w eeks later ova appeared mbs faeces 
In such feeding eipenments however the proportion of larvae which succeed in estab 
lishing tte^lves in the intestine is usually very small and occasionally none have done 
so This fact and other indirect epidemiological evidence led Lane to suggest that 
infection may occur by inhahl n <4 desuciUi n in dust The ova may hatch on the 
moist mucous merohranes of the upper air passages and the larvae penetrate directly 
1 to the b ood stream without being swaBowed There u some evidence that under 
per mental condiU ns hatched larvae may penetrate the skin but this is not known 
to occur under natural conditions 

*"‘®* B morphologically identical with X tumhn 

e ce4 in tL 1.^^ 1 •‘U develop t maturity as a rule 

poi tsLt th« a, e uenLn A ** BUcklock (lOjS) 

pig -fico I have fiiler^t ‘ ettenytaw infect man with the larvae denved from lb 
e ipeaes found u the pig may_be phys olog cally distinct 
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After fecundation the femalea disdiaige enormous numbers of ova estimated at 
about soo ooo each daily They are eliptical 40-50M by 60-7511 They are provided 
with a thick smooth translucent inner shell and a rough mammilated outer cost 
which IS sometimes lost The contents are granular not segmented and usually show 
a clear crescentic area at each pole (Fig 274) Eggs which are deposited unfertilued 
are markedly abnormal in their appearance often longer irregular in shape and some 
times grotesquely misshapen with structureless granular contents so that they may 
be mistaken for v egetablc cells Their occurrence may indicate that the host harbors 
only female worms Occasionally in human faeces the albuminous coat of the ferliliztd 
egg disappears and it is then somewhat difEcuIt to recognize The presence of the 
large ovum entirely filling the egg 1$ however sufficiently characteristic to identify it 
A small spore or seed is not infrequently found in human faeces It superficially 
resembles an Asearts egg It is however considerably smaller lo-ion It dies 
not contain an ovum 



Life History —There is no intermediate host The ova in fresh faeces are uweg 
mented and non infective In the presence of warmth (but not at body temperature; 
a little moisture and oeygen segmentation occurs outside the body and developmen 0 
the embryo is completed after an interval of from 10 to 40 days or more (rarely le 
than 50) depending upon the temperature (optimum 30 C ) Normally ^ j 
remains within the shell until ingested However hatching can be induced 
desiccating and then moistening the ova and the larvae may Lve for several 
moist earth (Kondo) The ova are very resistant to the usual chemical disinfectan 
to cold (down to — 15 C ) and to desiccation at moderate temperatures but are 
killed by desiccation in hot weather Eggs have remained viable 4 years when sto 
moist at ice box temperatures and s years when dned 

Infection — It is generally believed that infection normally occurs by 
swallowing embryonated ova Infection is heavy m regions in whic 
soil pollution is common or in which human faeces are used as fertilucr 
0 \ a may be convey ed to the mouth by dirty fingers (especially m children) 
or by contaminated water green vegetables or other food and possibly 
by inhalation Scott (1939) has shown that in Egypt the infection is 
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brain spinal cord and m tbe kidneys In their passage through the liver from the 
mtestme and the lun s they are not beheved to produce appreciable symptoms 

Symptoms Produced by the Adult Worms — ^The adult worms fre 
quentJyhvejn the upper small intestine but as they wander about within 
the body they are found in other sites As a rule the number present is 
small but rarely many hundreds may be present If numerous they 
tend to aggregate m clumps which may be demonstrable m roentgenograms 
as filling defects and may cause intestinal obstruction The worms may 
migrate up or down the intestinal tract being passed per anum or 
\omited when they reach the pharynx They may penetrate into any 
accessible passage or space and cause bizarre and sometimes senous'local 



disturbances c g into the appendix bile ducts gall bladder pancreatic 
duct nose sinuses middle ear and larynx In some instances they have 
perforated intestinal ulcers Guiart and also Brown (1934) considers 
It probable that Xscarts may such, blood and sometimes cause intestinal 
ulceration and bacterial infection Faust {1940) states that at times 
they may pinch off small masses of the intestinal epithelium Rajahram 
(1938) has reported the case of a girl of 6 who died with 5 iscarts contain 
mg abscesses in her liver 

One abscess had opened in the ep gastnc region le ving a sinus from which 3 
asc ids bad escaped whiJe she ira* under ohserratj n the hospital « ben she had 
emaciation fever and an enlarged 1 v r \t aut psjr there were st 11 worms m the 
cavity into which the sm s ran The dil ted a d nflamed bile ducts showed other 
worms and there was one m the duodenum thoagh santonin d ring life had not led to 
the passag of wo ms They ha e also been found in pulmonary absce ses 

Mill n ( 93S) reports a child of i m nth wh d ed of suffocation the result of 
se era! ascands m the trachea The e were also mo e found m the stomach and 
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Raasom showed tljat a serious luog disease ((hamps) ot hltie pigs is esu^d by ylicam 
Unae passing through the lungs 

ToxtK-Td i {Belascsnt talt) and Ttroeara cams {Toxascarts cams) the commoB 
ascands o{ the cat and dog respettively have sometimes been reported lor oub 5 
tecoided cases for the former and j of the btter They are much smaller Ihao A 
lumhrtcotdes averaging about 3 inches in length and are characienaed by niegliVe 
projections from the anterior end by reason of which they are called the arrow leaded 
ascands The eggs are thicLshdled and somewhat similar to those of <4 lumlncnJts 
Toxascarsileomna the type species has been found ui Carnivora 

Lagoctulascaris Mutor Lelper xpop.'— ThisascandisaDormalparasiteotthesmall 
intestine of the cloudy leopard f elit nehuloso and has been recovered 5 times from 
abnormal foci in human cases from subcutaneous abscesses of the neck near the angle 
of the jaw from tonsillar abscesses and from the orbit in 4 natives of Trmidad and 
once from a mastoid abscess of a patient in Dutch Guiana 

According to Faust the adult male worms measure p mm in length by 0 4 nun in 
diameter the females ij mm byosium indiameter The worms lack cervical abe 
but ate provided with a tnangular keel along the entire lateral line The three lips 
arc invested with a thiekened raised cuticle each with a conspicuous verticle cieft tad 
the entire labial structure is separated from the ctrvis by an engitdlmg furrow Tiete 

are about 34 pairs of preanal papillae arranged ui a single longitudinal row m the vwtro 

lateral position on each side of the medun ventral line a twinned pair aod 4 single pain 
of postaial papillae The vulva is pre equatorial The eggt are globose moderately 
thick shelled superficially pitted measure about 6$ microns in diameter andresemhlt 
those of Teaoeara eeli Although the life cycle is unknown it is probably duert 
or without a requited lung migration la the human uses reported the wotas had 
obviously become lodged in abnormal toa where they had been able to mature ted 
provoke suppurative processes and abscesses 

Pathogenicity of Ascans —In mild infections the syroptoms may be 
trifling Disturbances may in some instances be produced by the migrst 
ing larvae and others by the adult worn The nugniion of the lartae 
through the walls of the intestine into the liver and lungs gives nse to 
numerous minute hemorrhages The diameter of the larvae in passing 
from the pulmonary capillaries to the terminal air spaces is considetably 
greater than that of the capdlanes them elves hence more or less trauma 
andl petechial haemorrhage takes pUce Small confluent haemorrhages 
may occur in the alveoli and smaller bronchioles, giving nse to some 
oedema In some instances there is a local infiltration of poljroorpho 
nuclear and eosinophilic leucocytes about the parasites and these wi*h 
the desquamated epithelium and serous exudate may fill the air spaces 
and produce consolidation The respiration may be senou«Iy embar 
rassed and in extreme cases complete consolidation of the lobes may occur 

Keller (1931) points out that this condition of ascans paeumomUs ot ssciO* 
pneumonia is particularly important in ctuldien Koino (19*3) after swal owms 
many eggs in the infected stage suffered with & marked nse in temperature and severe 
pneumonia In children there may be an elevation of temperature to 39 ot 40 v. 

I to s days after exposure to rnfectiOD with frequent spasms ol eoughiag broncnii' 
rales and signs of lobular involvement Hemoptysis may occur with larvae in tee 
blood tinged sputum Usually these synqitoms wabside on the sixth or seventh day 
but it 13 regarded as probable that small childtea and others who ate exposed to very 
heavy infection may at times succumb to pneamonia especuUy when eomphvatea 
by a secoadirv bacterial inCectwa If the larvae reach the general circulation ticy 
may be Wtered out and in cetUm foa both nuW or severe symptoms depend on tn«f 
number and location Disturbances hav* been reported from their presence m toe 
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Girges {1934) has found different extracts of Ascarts to contain to ms includi g 
a aphylaxms ncurotoxin haemoly^ms and eodocnnotoeins In children Ascc ir 
infection sometimes gives nse to pallor of the face with blue rings under the eyes and 
interferes with nutrition Restlessness vagne abdominal pa ns and nausea are not 
uncommon symptoms 

Sang (1938) has demonstrated that t» viiro watery ettracts of Ascans 
contain a readily diffusible protease which can inhibit the action of pepsin 
and trypsin by combining with it This substance is found in different 
tissues of both the male and female uonn but m variable amounts in 
different organs The substance is of the order of a primar> albumose 
It IS only slowly destrojedm acid rapidly m alkab and is not digested b> 
trypsin To this substance he has given the name ascarase 

The expe imeutal dita shows tbst if the worms are at all abundant in the host s 
intestine the quant ty of ichlbita produced would play a s gnificant part m decreasing 
the amount of protein d g sted by the host It would appe r that in hea ily infested 
animals nutnt onal symptoms may be due to inability to digest the protein constituents 
of their diet and that there can be little doubt that th $ is brought about at least m 
part by the inhibitory action of ascarase 

Laboratory diagnosis depends upon finding the ova in the faeces or 
the adults after a \ ermifuge It i> usually easy since the typical ov a are 
unmistakablc'and numerous (about 3000 ova per gram for each female) 
Ova which have lost the outer shell or unfertilized ova may be difficult to 
identify Even if there 1$ only a single female worm present the daily 
brood of eggs is large enough so that some of them may be seen in the 
centrifugalized specimen of the faeces 

Nevertheless Hsu snd Chow ( 939) la a brge senes 01 some 8 o autopsies through 
a number of years found thst om w present in the 1 t stine m3 orySpercent 
However du ng life sto 1 examioal 00s bad been m de in 149 and in 44 no ova had 
been fou d so that the stool examination detected only 4 per cent of the mfected 
perso s This only emphasizes the care with which the ex m tialioris must soinecunes 
be conducted In 30 of the case there were only male worms Accord ng to hobo 
gawa ( 93 ) male worms only may be present in the bowel m ab ut 3 pe cent of the 
cases In such instances thediagnos smay be suggested by the clinical manifestations 

In the early stages of the infection the diagnosis ot pulmonary dis 
turbances caused by the migrating larvae may be difficult Keller and 
hib assoaates (1932) believe that repeated migrations of the larvae to the 
lungs may give nse to an increase in the bronchovascular markings 

The skin test has been suggested for diagnosis Bachman points out 
that a positive test does not necessarily imply infection at the time it is 
obtained A commercially available Iscorsr antigen is prepared by the 
Lederle Laboratories It is not regarded as of practical value for diagnosis 

ProgHosu 

The prognosis as a rule is exceUavt In cases of acute abdominal 
symptoms operation in time may save the patient s life Cases with 
pulmonary symptoms may demand careful nursing to insure recovery 
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Oedema o( the glotln may occur and tlie wnter has seen suSocation result (rum 
vomiting a mass of worms in a cholera patient 

figure 273 illustrates a numbCT of norms obstructing the appendix 
Taust also illustrates a case m which the parasites blocked the appendix 
of a child aged 6 j ears with an anumottem diagnosis of 'acute abdomen 

Exploratory celiotomy revealed 9 worms in the pentoneal cavity m idlilioB t» 
others which were blocking the appendiceal lumen The child died of pentomti 
Cbanco (>938) reports a caseof achiM 3 years of age in tthieh there was a discharge 
from the umbilicus from time la lime since Wtb An ydjcorjj presented itself andnjs 
removed by forceps after w hich the discharge ceased 
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With the treatment of an accompanying hookworm infection in the follow 
tng way 

(i) A preliminary dose of sodium sulphate shonld be given tbe n ght before (s) 
In the nvoro g on an empty stomach the patient temauiing in bed a combined 
anthelmmtic miiture totaling 3 ec (3 miDims per year of age for children) consisting 
of tetrachlorethyleoe (1 7 cc ) and oil of chenopodium (o 3 cc ) is administered at one 
time m capsules or m a teaspoon with sugar (3) Two hours later a follow up saline 
pu gallon IS carried out to remove the moribund worms and to prevent absorption of 
the drugs by the inte tinal wall (4) The pat ent rema ns in bed and takes no food 
until a copious b el passage has been obtained Under proper care this combined 
therapeutic procedure has been regarded as both safe and efficient and has no contra 
md cations It may be repeated after s days However the great undesirability of 
oil of chenopodium is that its lone dose js very close to the therapeutic dose 

HcTylresorcmoI has also been advocated Momma {1938) has 
reported 90 cases treated in Japan with this drug The cures varied from 
30 to 65 per cent in the different groups Over 50 per cent showed some 
unfavorable symptoms from the action of the larger doses of the drug 
and in some cases in which larger doses were given the percentage cured 
was repotted to be lower 

Smilbe (1939) while admitting that an ideal helminthic has not >et 
been discovered recommends heT>Iresorcinol which be has found will 
remove 90 per cent of iscarts m a single administration without danger 
to the host A single gram dose for adults is recommended early in the 
morning or on empty stomach followed in an hour by a sabne purge with 
no food taken until noon For children the dose is 0 6-0 8 gm 

Faust (1940) believes that a most efficient treatment withamatimum 
of safety and a mimmum inconvemence both to the physician and to the 
patient is to be found in caprokol (hevylresorcmol cr>stoids) The drug 
IS not only most efficient but is less toxic It is i&sued in 0 a gm hard 
gelatin capsules and is administered in the morning on an empty stomach 
without need of a preliminary purge (t gm for adults o6gm for children 
under school age 0 8 gm for those between 6 and 10 j ears of age) Two 
hours later a sabne purge is administered to remove the dead and dying 
worms Food is proscribed for 5 hours The only additional necessary 
precaution is to require the capsules to be swallowed without being cracked 
open or chewed up to prevent chemical irritation of the buccal mucosa 
by the free drug In the average group of individuals this therapeutic 
removes up to 95 per cent of all Ascaris worms and produces up to 90 per 
cent cures If necessary it may be safely repeated within 3 days 

None of the anthelmintics used in the evacuation of Ascarts from the 
intestinal tract is effective m kiUmg the larvae during their migration 
period through the body 


OXYURIASK OS. ENTEEOBIASIS 

Due to Otyitm or Entcrobtus termtailaris of the superfarmly Oxy 
uroidea 
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Prcenhoii 

Human Ait-ans infection is pnoiarily acquired by the introduction of 
the infective stage ova into the digestive tract The ova are usually 
derived from human sources since there is no definite evidence to show 
that porcine infection plajs a part in the epidemiology and etiology 
of human ascanasis The infection is usually spread primarily within the 
household and hence proper sanitary facilities in the house is one of the 
most cffectiv e means of control IVTiiIe it is present in all age groups, it 
IS especially an infection of small children from i to 5 years of age 

Cort and hia colleagues have showo that both 10 the tropics and the southera 
United States ascanasis 13 essentially a dooryard and household infection pnaanly 
propagated by the seeding of the soil imnedutely around the house with eggs which 
are present in the faeces of smaff children who in turn become reinfected from tggs 
which they pick up on their fingers and introduce into their mouths The eg * depos- 
ited in such localities may remain infective for many months Ascarts prevalence a 
rural districts where btrines are m use is one of the most sensitive measures of th* 
employment of sanitation In the soulbero United *:tate» Cort Otto and Spmdler 
showed that even if all the people except a few of tbe youngest children used pnwei 
the jofretion might stiiJ be maintaioed at a high level 

Whenever it is possible all infected patients should be, given prompt 
treatment to ebmmate the parasites However, reinfection from the 
contaminated sites will probably occur in many instances Hence sut 
cessful results can only be expected through hygienic conditions and the 
substitution of flush toilets for privies or latrines, and by public healM 
training in schools or by public health nurses m the homes 

In countries where human faeces are used for fertiluation all raw 
vegetables are apt to be infected There is no defimte evidence that 
infection may occur by the cutaneous route, but in some countries currems 
of moist air may pici. up the eggs in fine silt and in this nay they may be 
inhaled and reach the pharynx and be swallowed It has been suggested 
that such infection has occurred in northern Asia and m Africa i" 
support of this, Bogojawlenski found Ascaru eggs in the nasal mucus ot 
3 2 per cent of school children examined 

Treatment — For years the classical remedy for the treatment of 
Ascarts has been santonin, given in doses of o 1 to o grams for adults 
and with children about 001 gram for each year of age followed by a 

saline purge However in the tolerated doses it is very frequently msulu 

aent If given in efficient doses it is extremely toxic It may cause 
visual troubles even in small doses and give a brownish yellow color to 
the urine In excessive dosage it may cause vomiting and convulsion 
Its use was largely replaced by oil of cbenopodium This drug is 

efficient but it is also very to»c Smdhe reports that in the treatment of 

over a million people in Brazil with this drug that there were 22 deaths 
Four persons to whom he admimstered the drug died with convulsions 
Faust beheves that oil of chenopodimn should never be employed in the 
treatment of ascanasis alone but that it may be employed m conjunction 
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often cemn out of tbe anut when the u irum in bed and the laspecuon of the 
perineal (esioo may ahow the parasite The mate la about 2-5 mm long the female is 
larger S>ij mra tong by o i-^ a mu wide The mate has an incurved tail with a 
single spicule and the female a long Upcnng tail The vulva is in the anterior third 
These worms have a clear bulbous projectioii shaped lihe the mouth piece of a Turkish 
pipe surrounding the three lipped antenor extremity There is a well marked bulb 
shaped oesophagus 

The eggs have a thio double-contoured shell ate planoconvex 20 by 5011 and show 
a coiled up embryo Alter ingestion ot segmented eggs the adults develop in the 
small intestine where copulation takes place The males disappear or die The 
lertilized females usually go to the caecum and coW where they remain until the ova 
have developed The cycle occupies about lour weeks The females then wander to 
the rectum and work their way out of the anus to deposit their eggs on the skin of the 
perineum. Ma ked itching is a common symptom This u mote pronounced at 
night and the scratching so induced causes the eggs to be widely spread about the 
region of the anus The fingers thus become contaminated with ova which may be 
earned to the mouth and so cau e a fresh intection The underwear bedding towels 
wash basins fioors etc are frequently contaminated The possibibty that the eggs 
may be au borne has been shown No intermediate host is necessary About jfi 
hours outside (he body m abundant oxygen is required for completion of development 
of the infective talpole stage If reinfecuon is avoided the infection may die out 
spontaneously in a few weeks 

When the infective ova are swallowed they pass to the duodenum 
where the> hatch and the larvae are set free The> then pass down the 
small intestine directly (without migrating through the intestinal wall) 
and after raouUiag twice mature m the ileum or m the Urge bowel 
The adult (eaale worms not infreciuently after passing from the anus 
invade the vagina and urethra and sometimes the prepuce 

Pathotec* 

Faust (1940) has noted that the >oung males and females attached to 
the intestinal wall may produce mild catarrhal involvement of the imme 
diate tissues where they reside and that in sensitive individuals their 
byproducts when absorbed may cause a characteristic helminthic tox 
aemia Eosinophilia may ot may not be present Manson Gahr (1940) 
reports that the mature worms may penetrate the mucosa and encyst 
in the submucosa of the small inlcsUne ot appendix where they mav give 
nse to indammatiOD 

A number of writers have recently reported instance of appendicitis 
due to Enterobius 

Battagbx has found the pansiles m the appeudix in pet cent of the c tea ol 
append citis in children when the Olga waa removed t operalioo whil II ri s and 
Brown (igis) found Enterobius m 2 append cea out It consecutive uses of opera 
ti 6 appendic tis llipp ns and Levin on ha e reported the presence f Enletob 05 
under tie serosa of the appendix and in the contiguous lymph glands Penso f qjt) 
has p inted out these paras les may pve nse to an appendicopaihia by their move 
m nts by tempo ary attaebraert to r invasion ol the wall r t y o positi n m the 
wall tv h le Oj e 1935 po nts out they may allow palhog n c bacteria to enter the 
mucosa of the appendix Bovsfo d (1930) reports that 7 of 1343 appe dices removed 
t ChJdren s II spital Boston qtg 39 were infected with p nworms Twenty six 
badacute pp nd amaudpiawo mmfecion Forty five had no inflammatorv change 
i ih ri end « but had pinwo m infe two Ml had abdominal pa n and all were 
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Worms Viith ihree Upped mouths Lips simple or indisiinct Oesophagus shows 
definite posterior bulb usually containing a denticular apparatus ExatnpU pinworms 
of family Ojyuridae Genus ZToferotiua leach 1853 

Di/eroitits termiCHlaru (Ontirw cerwicwlanj), the common pirniorm 
or seat svorm has been k nown since ancient times It is cosmopolitan 
I m distnbution but is commoner in naim 
countijes probablv because in these there » 
usually less attention by the people to personal 
hygiene 

However recent investigations carried on 
b> the National Institute of Health, under the 
direction of Cram show that it is v ery common 
in some temperate climates 

Thus a survey of various groups in W’sshin|toa 
I> C shoned an incidence of 35 per cent in over 600 
persons ec^mmed by anal SMsbs All positive cssej 
found butonlypartof thenegativecases werefoUowH 
bv domination of the fanuhes of which the wdiviiiiab 
were memben since pinwonn infestation u ususDy s 
familial affair and commonly about three fourth* of tie 
members of a family were found infested The msi 
incidence in Wastunglon suggests that when pinsorou 
are given greater attention in the United States it 
be found that the sit nation here is m line * ith that st* w 
by a DuoiW of ueH informed paraiitolopst* J f 
ptnworms are the most common and wide!/ dsstcih t*« 
of human belmmlb parasites The parasite is loMd 
more frequently in cbldren than in adults 

Cram (1937) and Smith and their assoeutes (fjW' 
in iheir survey in the Southern United Slate* found a 
somewhat heavier infestation rate among the males »* 
compared with the females Enterobiasis ismorecom 
mon in asylumsand ininfected groups or families rather 
than m popubiions at large Cram found tlut as 
eumination of 6s8 individuals in the general population 
group showed 35 4 per cent infested n hile Scutfi w 
institution for mentally deficient found the unu ually 
high infestation rate of 63 15 per cent 

The eggs containing the embrj os which are 
discharged by the female worm usuallj sfter 
Pig 27S— E«»f i.»j ter moving about outside the anus 01 infected 

fNicuiaris (a)Fernai (b) patients contaminatefheirclothingandfinsers 

Male (cl Co led posterior e* cspcmllv beneath the finger nails These eggs 
tretDityofthernal snownBtn ‘j,l ^ c t . — <4 m 

spicule id) Ege (After 3 *^ the immediate source of infection ana 01 
LevcJsart Item Bruwpt ) UJOSt reinfections 

Morphology and Habitat. — The adult worms live in the caecum appendix a"! 
adjacent parts of the colon and ileum with their heads attached to the mucosa The 
females soDielimes invade the female genital organa and bladder and have also been 
reported in the ear and nose TTie worms are small and about the thictness of a pic e 
of coarse thread The white squirming wonn frequently may be seen on the surface 
of the faecal mass or moving about the perineal region of the child The female worm 
The shape of the egg « atypical m being so perfectly oval and without one side 
Battened 
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m the faeces usuaUj m not over J per cent of the cases (Faust, 1940 
Africa 1940') 

Diagnosis of the infection has been greatly simplified by Hall (1937) 
and his associates who have recommended and used a cellophane anal 
swab 

Smith GiU and 'IcAlpme (1949) Samtz Odom and Lmcicome (1939I and Ruhe 
(1940) have all emphasized that the cellopbaae swab is much more successful in giving 
a positive diagnosis than the direct ezammaUon of the stools or of concentrated faecal 
films They point out that it is also of much greater value than the previous swabs 
tecomaende 1 

Smith has shown that the salt fiotation method of examination 0! the stools is 
neither accurate nor dependable for finding £aler«t(ai eggs He found 99 s per cent 
of the ca es were positive by lb* swab method whereas only 3 9 per cent were positive 
by salt flotation 

Of 400 positive examinations by anal swabs 73 6 per cent were found on the first 
examination and the remaining sb 4 per cent after a or more e aminations Other 
observers however recommend that at least 7 consecutive swabs should be tahen 
before a suspected ease is diagnosed as negative 

Reardon (193$) has pointed out what to the uninitiated might cause 
confusion namely that artifacts which simulate ova of entcrobiu may 
be present in the cellophane of the Nllt swab described by Hall for use 
in the diagnosis of pinworm infection The structures are markedly 
similar to the pinworm egg The hyalm outline appears to be composed 
of several Ia>ers and resembles the iranspatent shell of the egg of Enter 
obius The central mass IS irregular brownish or greenish thesueusuall) 
falls within the range of the pm worm eggs 
Tredfmenl 

A knowledge of the life history — the early location m the small intestine 
and later on in the large — shows that treatment should be dual in its direc 
lion— ^nemata to remove the gyavtd female m the rectum and anthel 
mintics to destroy the >oung adults m the small intestine Some still 
question whether an entirely dependable therapy for pinworm infestation 
has )et been developed 

High cnemaj {rrquestly remove tbe msjonty of the free females m tbe colon For 
this purpose infusion of quassia diluted t-40 bar been 1 equently employed the olution 
being injected slowly and tbe foot ol tbe raised so aa to allow it to percolate through 
tbe bowel It is advisable before sdmm stettng the quassia to evacuate tbe rectum 
first by hot water enemas However such treatment frequeoO/ does not succeed or 
remove the new groups of parasites which art developed h ghet op la tbe b wel 

For the destruction of these parasites many anlhclrmntics have been 
tecommended by one author or another but most ol them have proved 
valueless More recently Wright (1938) has recommended tetrachlor 
ethylene The recommended dosage is 3 cc for an adult 3 minims per 
year of age for children Purgation of the patient should be obtained the 
night before preferably by the us# of sodium sulphate 30 gms in a half 
glass of water In the mormng thw patient should abstain from food 
before the drug is taken Two hours after administration of the drug a 
aalme purgative hould again be adnumstcred Poisoning has ^ometunes 
resulted from the u e of this drug Sandgiound (1941) mentions 2 cases 
of coma when doses of 4 to $ cc were given 
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teUcved by apptndeclotny Schwarz and Straub (1940) have also emphisited tie 10 
poftance of osyunds m appe&diatn wsth purulent inflammation Ashbum (1941) iss 
found that thread worms are encountered in normal appendices as well as m 
which show chronic inllimmatory chatties and more often than in those that SK 
acutely inflamed In the study of a Urge series by sections he came to the eonclusion 
that these parasites are not etiologieally reUted to appendicitis 

Africa (1938) has emj^aaized disturbances occasionally caused by 
the gra\id females migrating up the vagina and uterus into the fallopian 
tubes where they have become either encysted m this organ, causng 
symptoms of salpingitis or continue their watidetiog into the peritonea! 
cavity where thev have become encysted in the peritoneum 

Jones and Bunting (1931) have reported the case of a woman a years old wiib a 
history of prolonged perineal nocturnal itching and w ith symptoms of pain and tender 
ness in the lower part of the abdomen accompanied by fever and leucocytosi Laporot 
omy revealed acute appendicma and acute salpingitis with Enitrohtus in both organs 
Africa points out that the presence of these worms in the abdominal Cavity has hew 
invariably reported in the feinaU subject and since numerous reports of the presence 
of this parasite in the vagina uterus and fallopian tubes have been made it seems 
clear that the route usually taken by Cnterobiusin us migration to the abdominal cavity 
IS via the genital tubes from the anus Wu (193$) has shown that they may produce 
symptoms of salpingitis which may continue for years 

Blacklock (1938) has pointed out that the eggs can sometimes oe 
obtained from the washing of infected garments and Lentze mainlsms 
that the ova can be inhaled through the nose at some distance from 
infected garments 

Symptomatotogy — In addition to the symptoms resulting from the 
pathological changes alread) described pm worms commonly gis^nse to 
pruritus am which provokes scratching of the irritated parts sottieftmej 
resulting in haemorrhage ecz«‘ma and pjogenic infection of the anaUnd 
pen an^ regions or of the entire perineurn The abrasions of the mucosa 
of the caecum by the parasites may eapose nerve endings and give rise 
to nervousness, insomnia and even epileptiform seizures, especially «i 
children Classes of the parasites in the rectum may give rise to symp- 
toms of rectal colic Sometimes the adult females may pass up the bowel 
wall into the upper portions of the small intestine and may eventuallj 
reach the stomach, oesophagus and nostrils 
Diagnosis 

Ova ate rarely found in the faeces, but may be found in scrapings from 
the skin about the anus or from under the nails The diagnosis is 
preferably made by examining the stools for the white thread like femmes 
which are expelled after a diagnostic dose of calomel and salts or 
an enema These females which are packed with embryo-containing 
eggs, may be seen wriggling on the surface of the freshly passed faeces 
In handling these worms care must be taken to avoid infection with eggs 
whKb may get on the fingers 

The diagnosis may be made by finding the ova m the faeces pf ‘J’ 
scrapings or swabs made from the perianal region or beneath the finpr 
nails It may also be made from the finding of the adult worms especially 
following enemas, or of discovering the female parasites wandering out 
of the anus which particularly occurs at mght The eggs have been found 
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factory in infants and young children if given every other night for not less than 3 or 4 
•ftceks but the couTst had often to be mncb longer 

Manson Bahr (1941) has stressed the ase of phenothiazi e for the treatment of 
thread worms Children from s to «o years old receiving s grams da 1> for at least 
10 consecutive days a d for children under j years the dose is halved 

Ernngton has noted tone symptoms m the treatment of horses with this drug 
such as anaemia albuminu la and haemo^obtntiriaand later work seems to show that 
its use m man is dangerous 

Joh stone { 94 ) points out that m 58 puhli hed c ses of treatment with pheno 
[hiazme for thre d worms 8 showed some form of tone re ction He hence considers 
Chat this use of the drug cannot be justified 

Bercovitz et al (1943) t eated 10 patients ch Idren and adult for enterob u 
1 f ct ns w th phenithiaaone Two patients were considered cur d the oth rs w re 
not ^^o t ( 943) hel eves that phenoth azine shonld be given onI> t pat ent who 
cannot be cured bv gent an violet or wh a e intolerant t it It should ot be given to 
pat eww who cannot be b e ved once e ery 3 days lie advv e the dose of pheno 
tb a e should not erceed 300 mgm per kgm f body « igbt He himself safely and 
successfully used th s dose for 2 of h patients 

Prevention — Pe s al hygiene is defi itely indicated for the p event n of rem 
feet on SI eping dra era of strong cott n and cotton glo es at night should be 1 n 
The £1 ge n Is should be carefully pared and the hand wa hed after defecat on To 
(. event itchi gatnght the anus may bean intedw thraercun 1 ointment orunguen 
t m hydra g aromon at Clothing of the infected sb uid be pe d cally steril ed by 
boiling To I t seats should b regularly c ubbed and ste iliaed 1 famil es or homes 
whe e one membe s nfeeted 

Ne ertheless the work of D Antoni and SawiU demonstrated that iC was impossible 
to entirely eate mmate the infection or even to prevent infection m other individual 
by igd hygienic measu es came] out m an institution Only by treatment with 
gentian violet in addition to the employment of hygienic measures could the mfecti n 
be era6cated 90 per cent of the cases being cur^ They emphasue (hat treatment 
of the infected md viduals alone mil not suffice to rid an lostitut on of 0 urias s since 
if a a ngle infected indi idua1 rema n be constitutes a sec ous problem and suggests 
8 probable source of reinfection 

Nolan and Reardon ( 939) found the eggs of £k/ t6 ks in dust collected at all 

I vela m all the rooms of 7 houses to which lived infected pers They believe mfec 

II n of air currents is theoretically pos ible 

TSiaiVRlAStS OR TRICnOCEPHAUASIS 
Tnchunasis or Tnchocephaliasis is caused by the whip-worm 
Fric/iurts trickuiro of the supetlamily Tnckurotdta 

Itiscbaracteritedbvalong tbmnerkandathckerte imualpo tion Theoesopba 
g s consists of a narrow tube with lednced musculature It has a thm wall and is 
apposed to a single row of Urge secretory cells The anus is terminal There is only 

The famihes Tricbctridac and TRjcbineludae are dist nguished by the Utte 
being much smaller not having a spicule andc pulatory sheath and bei g viviparous 
Genus Tnchuns (Roederer 1761) — Tftchuris trtchmra {Trtcho 
cephalus Schtank Tnchocephaius dtspar Rudolphi 1802 the whip 

worm IS one of the most common parasites in both temperate and tropical 
climates It gets its name from the tesemblance to the whip the posterior 
end resembling the handle and the antenor extremity the lash The 
species was first correctly named by Linnaeus in 1771 The life cycle was 
demonstrated b> Grassi UbS?) and later by Fuheborn (1923') 

Geographical Distribuhon — The parasite is cosmopolitan in its dis 
tribution but is more common m tropical regions where the warmth 
and humidity contribute both to the madence and the intensity of the 
infection 

I Cott ( 938) points out that while wh pwoim infection is more or less eo-extensi e 
with that ot Aicarjj lumi Kindts the former is more prevalent m «e»s with h vh rai 
f II and humidity and dense sh d 
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Faust (1940) states that this treatment while at times quite satis- 
factory IS not consistently so He believes that a relati%el> satisfactory 
method of treatment consists of the administration of caproWol (Heivl 
resorcinol crystoids), i gm for adults, o6-^>S gm for children on an 
empty stomach in the morning 

The patient is required to sivatton the capsules without chewing and to list sub 
sequently for 5 hours The same night the large bowel is thoroughly washed out wilb 1 
warm water enema after which a$o to 400CC of ST 37 asotuuonof h icvlitsoniw! 
(o I per cent) is instilled as a retention enema and retained for 1$ to 30 minutes Tbe 
ctystoids given by mouth kill the worms in the small intestine while the olution instilled 
into the colon cleans out the lenale worms in the lower bowel Iwo or three such 
courses of treatment usually completely eradicate the infection provided reinfection 
IS not acquired in the meantime Cutaneous lesions around the anus produced by 
scratching and frequently aggravated by bacterial invasion should be treated by 
palliative or antiseptic ointments hfce berated vaseline or yellow nercunc oxide 

StiU more recently Wright and his associates (1040) and D Antofu 
and Sanitz (1940) have recommended the oral administration of gentian 
\ lolet medicinal for treatment in }-^ gnm enteric coated tablets mstvu 
factured bj the Seal Ins Laboratory and by Ely Lilly & Co They 
employed tablets of the four hour type which arc said to dissolve w the 
caecal region when administered Treatment of infected boys and giris 
with this drug resulted in the cure of approximately poper cent of the cases 
The drug was adroinisteied to infected individuals from 3 doimitories 

In the first dormitory the #duU dose recommended by VNright 
namely i gram of the drug was given 3 Umes daily before meals for a period of 8 days 
followed by * 7 day medication (tee period after which the 8 day course of '****?*!, 
was repeated In the second dormitory 1 gram of the drug was given 3 times da^ 
before meals for a period of 3 days followed by a medication free period of 3 
Th a procedure was repeatel until o days of treatmert (le 4 five-day «uis« oi 
treatment) had elap ed making the entire period so days In the third dormiMT 
H gram of the drug was given 3 limes daily before meals continuously for a period 0 
35 tlay* 

After such treatment swabs showed that 94 per cent of the positive 
cases in dormitory I go per cent ra dormitory II and 8q per cent in dormi 
lory III were free of pmworms 

The drug was found in general to be well tolerated However of those 
who took I gram of gentian violet 3 limes a day more than half (j4 
of 95) complained of loss of appetite abdominal cramps or nausea at one 
time or another whereas of those who took gram 15 out of 4S 
plained of these svmptoms Vonwting occurred m a high percentage of 
those treated with uncoated gentian violet tablets 

In a more recent report Wright and Brady (1939) point agiin to the 
this drug tested on s«4 persons It was given in daily doses of 191 mgm ‘ 

before m^ais and to children JO mgm a day foe eaciyeax of apparent not actual 
When treatment was pursued for »o consecutive days unwormiog was effected 1 
91 per cent In a series which bad a stages of treatment for 8 days wivh * v'*** 
rest between the unnorming was 90 per cent Some of those treated bad nausea 
voBitirg diarrhoea and abdominal pain which quickly ceased when treatment eea« 
[or a day or two They found non medicated soap or safine enemas might be sans 
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intestinal wall but interlaced m the mucosa where according to Hoeppli 
{1930) they may secrete lytic substances Chitwood (1937) and others 
belie\ e they may possibly sucl blood It is behcv ed that they may some 
times cause attacks of urticaria According to Faust in heavy uncom 
plicated whipworm infection the patient may show marked emaciation 
with a dry sUn and mucous diarrhoea rarely with blood and a reduction 
of the haemoglobin which may reach 40 or per cent Pallister Ci933) 
has reported masses of worms extending as far down as the ascending colon 
Clinically such cases may suggest severe hook worm disease and it is said 
patients so parasitized may soon succumb unless the worms are removed 
Swartzwelder (1939} has studied 81 cases uncomplicated by other 
infections 

In most of the eases the infection was heavy hlore than two thirds of the patients 
fell within the age group from 6 to yean White patients predominated over the 
colored in a ratio of 5 to i and females over males in a ratio of 2 to i 

The most frequent symptoms were abdominal or epigastric pain v omit 
ing constipation fever distention or flatulence headache backache loss 
of weight and anorexia Abdominal or epigastric pain was the most 
frequent complaint noted in $9 cases The duration of the symptoms in 
44 cases was 3 months or less In a number of the cases the abdominal 
pain was localized in the right lower quadrant with nausea constipation 
and fevei suggesting appendicitis No marked diminution of the red 
blood count was noted and this is in accord with Otto s studies in Louisiana 
in 1934 Swartzwelder found the eosmophiles averaged 4 2 per cent 
with 24 per cent the maximum 

However the number of eosinopbiles vines greatly Otto belie es it is probable 
that no eoMDophiha is produced by cbionic whipworm infections though there may be 
an eosinophilic response to acute ones Feraan Nunez however found that eosmo 
philia IS more constant in whipworm lafecUon than with other nematodes In about 
one fourth of (he cases a mild leucocytosis occurred In only 7 cases was the tempera 
ture elevated above o F 


Diagncsts 

The diagnosis can be made by finding the ova in the stools Concen 
tration by centrifugation or bnne flotation as described under Ascaris 
may be necessary to reveal their presence in mild cases 

TrealnterU 

Treatment is not always satisfactory The drug which has been said 
to be most efficacious m the eradication of the parasite is Leclie de htgueron 
or higuero latex obtained from certain species of trees of the genus Ftcus 
in Central and South America The active principle is an enzyme which 
has been extracted from the fresh latex or sap by Robbins (1930) and was 
named ban He concluded that the active fraction was a proteolytic 
eniymt of the trypuc type Favorable reports of its use hav e been made 
by Spruit (19J1) Hall and Augustine (1929) and Caldwell and Caldwell 



TRICDOB!ASIS 


1236 


Morpki^ogy and biology 

Thft worms are 30 to jo mm lone the females slightly longer than the roalej "nie 
cephalic half to two thirds of the body is thread like and Contains only the oesophagus 
This has a reduced musculature and is apposed to a row of large secretory cells the 
stichocyte which communicate with the lumen of the oesophagus by small spetwies 
The thick caudal portion of the body (the handle of the whip) contains the mlestuie 
and se:e organs The tail 0! the male is coded and ends m a single terminal spicule 
surrounded by a rough sheath Tlie tad of the female 1 comma shaped TbeiUiH 
opens at the cephali end of (he thickened segment of the body 

The worms are found chiefly m the caecum also m the appendis and terminal ileum 
They attach themselves to the intestinal wall h> transfixing a fold of mucosa ini'- tie 



in mucous tnembrane sp spicule (After Leuckart ) 

slender neck and have been thoagbt by some to facilitate the entrance of typho 4 
bacilli and other pathogenic bacteria into the tissues The characteristi ova a 
deposited in the faeces They are ovat structures sap by gOM brown in "j- 
unsegmented granular contents and a thick traoslucent capsule which has a inoo W 
protrusjon at each end somewhat like a bottle stopper Segmentation occi. s * 
the body and is a protracted process requiring from 6 weeks to (it is said) rS mo t" 
The ova ate resistant (except to desiccation) and have been reported to have retsi- 
their jiifecfivity for 5 years There is no lotecmedute host 

Infection occurs bj sirallowing lafectne ova obtained directly 
indirectlv from the soil Areas m which there ts a high incidence of 
Uon are usually polluted by smail children who are more common*'' 
infected than are adults 'The parasite matures about one month affet 
infection 

J alhology 

The infection is usually symptomle s Craig and Faust (1940) 
out that worms may not only be attached bv their anterior ends to tn« 




Geogriplucal Distributon — Tbe dutnbutnn of T icAi lU is cosmopolitan It 
has b cn especially { cvaicnt in Gennany nd in ea>U r years \uchovr estimated the 
bum n nc dence n that country as aboot 90 per ce ( AUh ugh it is stiU stated Co 
be « dely d sir buted in Germany and to a less talent m Spa n Hungary and the lower 
Hanube countii s xact statistics at the present time are not obtainable In the 
X. ited Slates t i commor Hall and CoUins to)7 have reported the incidence ot 
tnchmos sfrotn II widely sc tt redcitiesiatheUutedStales based on actually finding 
the p rasites at autopsy at it $ per c at nf 778 untelected eases orone utofeerv 
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(1929) However in not all instances has complete eradication o[ the 
worms resulted 

Robbins andl imson (1934) have tested tbeensyme action of 15 species ot the genus 
Ficus from Cuba and F coreea from Alabama but found that the proteolytic activity 
of all except two of the species tested iftas essentially ml However they found thit 
the sap of 6 Fi«mj trees of South Amenca had a high proteolytic activity Recently 
Thomen (1939) has recorotnended a more tefined product Ficus protease prepared 
by Bliss This preparation was found by Thomen (1939) to be highly efficient as tn 
anthelmintic against rrscfiOMpftoliiS vtifpit infection in dogs Unfortunately the btes 
itself Ficus does not Veep except in a cold atmospbero and is not generally available 
commercially for anthelmintic use In Mexico Central Amenca and North and 
South Amenca the fresb latex is preserved «ith 1 per cent sodium benzoate and is 
sold under the trade name Higueroiua However FaUst (1041) thinVs the fresh crude 
latex IS better 

Other drugs which have been lecommended for treatment are carbon 
tetrachloride tetrachlQreth>Iene oil of chenopodmm, and hexjlresorcinol 
These drugs, however maj produce toxic symptoms Carbon tetra 
chloride IS contraindicated in patienU with hepatic renal or respiratory 
invoUements those with {ever and m those having a blood serum calcium 
deficiency Faust also cautions that carbon letracblonde should not be 
administered alone when Asems ts present though it may be combined 
with oil ot chenopodium, see p 1270 Oil of chenopodmm is more toxic 
than carbon tetrachloride 

Recently Mackic (1939) and SmiHie (1939) have pointed out the 
value of hexvlresorcmol as an anthelmintic 

For hexylresorcinol treatment pfdiminary purgation is desirable to 
free the caecum and appendix of faecal material 

1 I«xylresorciftol erystoidi ( CaproVot ) ate best given on tn empty stomach and 
followed within z hours by a sabne purgative For small children under 6 years 04I® 
o 6 gm IS indicated and for children of school 4 ge tbe adult dosage of i gm oisy he 
administered It is advised that tbe drug should be swallow ed in w ater without brest 
ing or chewing the crystoids to avoid irritation ot tbe mucosa of tbe mouth and throat 
Food should be omitted for 5 hours to alleviate and prevent iintation of the gastn 
mucosa It is advisable that the targe bowel should be cleaned out with tepid water 
enemas on the night following adnunistralion of the drug Faust recommends sJso 

that 8 to la 01 olST 37 Ihexylresorcmot i-iooo) undiluted be introduced for 15 lO 

minutes as a high retention enema Examinationa of the stools should be made for 
ova from 3 to 5 days after the treatment bas been adnanistered to determine the 
efficiency of the dtu» A second treatment with hexylresorcinol may be given within 
a weelc if necessary 

Pteveation — Thorough cleaning of the hands before tneaU may do 
much to reduce both the incidence and iritcmity of the infection Cases 
should be treated as soon as possible after diagnosis There should be 
disinfection and sanitary disposal of faeces as is recommended for hook 
worm infection 

TKICBIMOSIS 

Definition — A parasitic disease caused by Tnchtnella sptralts some 
times characterized by fever, gastro intestinal symptoms m>algia and 
eosinophiba the infection occurring in individuals who have ingested raw 
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female during copulation There is no spicule and the cloaca is evaginated to act 
as a copulatory organ 

The/m f« is 3 to 4 nun long and 6o;i broad and has a rounded posterior extremity 
with a prominent sht hke cloaca The postenoc half of the body contains the ovary 
and becomes swollen as the eg sdeselop Thevulvai m the anterior fifth of the body 
After copulation the males rnay die and theaivipaious females burrow into the intestinal 
mucosa and for about 6 weeks continue to emit b uig larvae each producing a number 
estimated at from 000 to 10 000 in all Tbelarvaeateabout ioo;iby6/i)QSi e They 
penetrate into lymphatics or veins and arc distributed through the general circulation 
Thev soon penetrate into stnated muscle bein" especially numerous m the diaphragm 
intercostals and musel s of the neck larynx tongue and eye Here they become 
encysted larvae forming □ al structures about o 45 by o 15 mm m sue They are 
surrounded by a tough capsule produced by the tissues of the host while the larva 
which has attained a length ol J mm is coiled np »n the center Here they remain 
viable for a long time (some even for 10 to so years) although the larva eventually dies 
and the cyst becomes calcified When the cysts are snail ned the larvae are liberated 
m the intestine and within a few days develop into mature adults This pa ante 
therefore differs from practically aD other nematodes in that the larvae encyst in the 
same individual host which harbors the adult worms 

Transmission — Rian usually becomes iniccted from eating raw or 
improperly cooked pork Under natural conditions the infection chiefly 
affects rats and hogs Hogs become infected especially b> eating garbage 
contaiung pork scraps and to a less eitent infected rats and rats by eating 
scraps of pork and b> caniubahsm among themselves The infection is 
normally propagated by the black and the brown rat both of which ere 
cannibalistic 

In an exaimiution made la St Louis Mo 7$ per cent of the rats were found to be 
infected Many other animals however are also susceptible as wild boars bears 
eats and dogs Other animals as mice rabbits and guinea p gs are eas ly inlected 
when fed raw meat containing the parasites Wlule id America hogs are most com 
monly infected in some localities in Europe dogs and cats have shown a higher per 
centage of infection than bogs In general the incidence in hogs has been Stated to be 
about one fifth that in man Man not only acquires the infection by eating raw or 
inadecjuately cooked pork but sometimes through bear s meat In Syria outbreaks 
have been reported from eating ihe meat of wild boars 

Symptomatology and Pathology — ^Thc symptoms of the disease \ ary 
greatly and the picture of cJimcal tnchinosis is frequently most confusing 
This however is not surprising when one considers the wide spread 
distribution of the parasites that may occur in different parts of the body 
for the larv ae have been found m almost every tissue fluid and etcretion 
ev en though those which do not enter skeletal muscles usually die rapidly 
Ransom (1915) emphasized that an important cbaractenstic of trichinosis 
whether mild or severe was the lack of r^ulanty of its course Symp* 
toms depend partuiUy upon the number of worms present and partly 
upon the tissues invaded as well as upon the stage of the infection In 
regard to the latter to begin with the infected larvae enter the digestive 
tract and develop into adults in the lumen of the intestine where they he 
partly within the vilh Later they give nse to young larvae circulating 
through the lymphatics to the systemic and pulmonary circulation and 
enteringsuch tissuesas thelyiophnodesandglands thebrain themuscles 

Rappiport (1941) finds the males may oatlive the females 
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8 ejamined Scheifley (1938) in the eununatioQ of published reports regitdiog 
trichinosis in the United States since 1901 finds that in 2597 postBiortem eiaminations 
there was an incidence of trichinal infection m jj 3 per cent Examination of the 
diaphragms from 300 autopsies in San Fnnasco in 1935-1936 showed that 34 per cent 
were positive for hvmg Triihinella larvae and in New Vork State for 1936 in 344 con 
secutive autopsies la Rochester 17 $ pw of the diaphragms contained Trtchindlii 
spfralis Other post mortem eiaminations in St Louis show ed a 15 per cent incidence 
and in Minneapohs according to two surveys a 1*7 and a 17 9 per cent incidence By 
peptic digest methods which yield a higher percentage of positives than microscopic 
sections Queen (1931) found »j 6 per cent incidence in Boston and a 13 67 per cent 
incidence was found in Maryland and Washington (Hall and Collins 1937) Although 
It has been stated that eltnical cases are rarely reported from the southern United 
States and this is also true in a number of (he northern states Sawitz (1939) found s 
6 per cent incidence among aulapsy cases in New Orleans and W alter (1938) has reported 
a 33 per cent inudence in post nonem eiaminations in Alabama 

Wnght (1938} summarises the results in (he United States as roughly 17 id per 
cent of infection 

The reports of chnical cases for the United States up to 1937 number between 
5000-6000 

In regard to tropical and sub tropical countries sporadic infections 
have been reported m South America espcciallj from Brazil and Chile 
In Asia It IS not uncommon tn China and India but is not reported from 
the Philippines Cases have been reported occasionally from Australis 
(Manson Bahr 1940), but according to Bearup (1937) it is probably 
not endemic m Australia It does not occur or is rare in Puerto Rico or 
m Mohammedan countries In Africa it has been reported in Algeria, 
Kenya, Uganda, Tanganyika and British Nigeria 

Sandground (1941) says the disease is at present restricted to Europe 
and North America but occurs in immigrants eUewhere or m those who 
have eaten imported infected pork products 

History — Trtchtnella spirclis the cause of trichinosis, was first dis 
covered in the encysted stage in the muscles of patients at post mortem 
examinations m London by Peacock (iSaS) Human cases were soon 
reported also from Europe and North America Joseph Leidy, having 
found for the first time the q^ts in hogs flesh in 1846 suggested their 
similarity to those found m man Leuckart (1855) and Virchow (1859) 
demonstrated that these cysts when fed experimentally to animals the 
parasites were liberated and grew into adults in a few days and that 
the females in the duodenal wall produced larvae which migrated to the 
muscles and there became encysted Later it was shown that the con 
sumption of infected pork insufficiently cooked or raw, was the source 
of trichinosis in man 

Thomas R Brown in 1897 while a medical student at Johns Hopkins 

demonstrated that the presence of an eosmophilia is highly suggestive of 
a diagnosis of trichinosis 

Trichinella spiralis (Owen 1835) {Trtckuta sptralu) the cause of trichinosis » » 
minute worm visible with an otdinaiy band lens which in its adult stage inhabits 
the duodenum and jejunum The male is about 1 s mm long and 40,1 wide There « a 
prominent testicular enlargement filling the wider caudal end of the body ‘’f* 
tongue like caudal appendages which project laterally and enable the male to bold the 
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tory disease pleunsy asthma nw^r respieatoiy intection pneumonia bryngitjs 
conjunctivitis nephritis muUipU neuntis mtereosUl neuritis sng oneurotic oedema 
syphilis tuberculosis undulanl fever teUnus scarlet fever measles mumps influenra 
frontal sinu lUs erysipelas asdic dpoisomns 

larvae in Heart Sjnt^lomi — hlyocarditis systolic murmur at apei cardiac 
instability and dicrotic pulse itucnesed M myocatd tis rheumatic myocarditis endo 
carditis or other heart d sease 

Larvae m Sraon and Meninges Symons — Fncepbal its menmgitis cephalalgia 
hemiplefva delinuai and coma diogiiesed aa encephalitis meoingiti tuberculous 
meningitis and poliomyelitis 

Even in severe clinical Inchinosis the first stage of gastro intestinal 
disturbances has frequently been absent Eosmophiba also miv be 
absent especially if there is a concomitant bacterial infection or may 
decrease if bacterial infection supervene Again if peritonitis is present 
the eosinophiles may neiernse above 3 per cent While there is usually 
a gradual rise follov ed bv a gradual decline the lev el may never be high 
and the eosinophdia may persist tot long periods after tecoverv The 
myalgia may be generalized or definitely localized In some m tances 
the clinician may be tmsled and diagnose it as intercostal neuritis or 
neuritis elsewhere or refer it to rheumatic conditions Ocular disturb 
ances as well as cardiac and nervous changes suggestive of meningiti 
may all be confusing (actors 

Bnggs BTUchan4McNanghv(i95Q)bavecnl\edattentioiito splinter 
haemorrhages seen beneath the finger and toe nails in 60 to 70 per cent 
of their cases of active tnehmovu McNaugbt regards it as a petechial 
manifestation similar to rose spots on the abdomen described b> others 

In evere epidemics the mortality mav reaih 30 p t cent Chandler 
1,1940) remarks that it has been estimated that for man the ingestion of 
S trichina larvae per gram of body weight for min is fatal for hogs to 
and for rats 30 

Diagnosis —The great majority of human infections are not diagnosed 
during life the correct diagno is bting frequently made bv microscopical 
exaimnation of sections of the diaphram or other muscles or of material 
obtained by artificial digestion of them after death 

Kail and CoUms have pointed out that in not one of 222 infections 
found postmortem had a diagnosis of trichinosis been made during life 
although in some there were almo t 1000 parasites per gram of muscle 
and obviou l> any person harboring that many trichinae could not have 
been entirely free of symptoms The difficulties in clinical diagnosis hav e 
been emphasized 

Too much weight must not be atlaclied to onv one 5\ mptom A hi 
tory of eating raw or undercooked pork gaslro-intestmal disturbances 
oedema petechiae fever myo itis and eosinophvlia are suggestive 
symptoms However accurate diagnosis can be made only from the 
laboratory evanunations 

Laboratory Examinations — During the first few days after infection 
while the ingested larvae are developing there is ollen a gastro-ententis 
Purging then may be beneficial by nddmg the intestine of the infected 
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of the heart and all other muscles and to some extent other tissues and 
various cavities of the body Finally v,c must consider the effects of the 
lat\ae degenerating and disintegrating in various sites and beconuHi, 
enc>sled and ultimately caltif>ing m such locations 

\Nilh reference to the number ot truhinae pment givutg j-jse lo cUnicjl s/aplomv 
we have no accurate data llatt (19137) state* that he feels sure that necropsy as's 
of infestation of approximalefy 1000 larvae per gram diaphram muscle represent former 
cases of clinical trichinosis and he suspects that those with only i larva per too grains 
of diaphram musde probably do »ol represeat cases of cbaical tncbinosis 
symptoms) 

Gastro intestinal disturbarices are often noted in the first stage of the 
infection hlanson Bahr points out that such sj mptoms tna) resemye 
those occurring in cholera, or even m dysenterj , with the passage of blood 
stained stools associated with hyperpyrexia In severe cases during the 
migration of the larvae through the tissues there mav be a remittent 
temperature with slow muttering delmum muscular pains pain on 
mastication, and disturbances of deglutition and respiration The con 
dilion may suggest typhoid fever Several weeks after infection when 
the embryos have enc) sted in the muscliga cachtcttc condition ma> rwuH 
due perhaps to the absorption of toxins from the parasite when, la addi 
tion oedema of the face abdomen and legs may occur In other instances 
there mav be mental apathv and intense pruntis Death may tale plive 
in the s«tb or se\ enth week from exhaustion or from pulmotiary com 
plication* In cases which survive, the fever gradually declines but pains 
in the muscles may persist for long periods While such symptoms may 
be regarded as the classical picture of the disease ev tn in sev ere trichinosis 
many or all these symptoms roa> be omitted 

Hall (1937) gives the following list of symptoms and the diagroses 
which have been associated with the effects of the parasite m several 
locations rather than in lust the location given 

Larvae and Adults m Intestinal Lumen and Villi Swiptoms —Gastro-enttnEis 
diarrhoea constipation or successive constipation and diarrhoea vegetable souP 
stools often wjib Charcot Leyden crystals nau ea vomiting abdonuoiil pam o' 
varying degree and in various locations cold sweats hot flushes intestinal haemot 
rhages and fever diojfWreJ as typhoid fever paratyphoid fever typhus fever cholera 
cholera morbus intestinal influenza oiaUna ptomaine poisoniog fond joisoning 
gastroenteritis of unknown origin gastro intestinal catarrh appendicitis colitis pepW 
uker gatl bladder involvement and acute alcotiolism 

Larvae in Blood Stream and Muscles 5y>«//«mr— Eosmophiha oJigaemis 
oligocytbaemii hypotension leucocytosis splenic ealargemeat anaemia absent or 
else pre ent in \ aryiag degree oedema in vanouv parts of body (especially s'lborbital) 
dvsonoea orthopnoea diaphra malic breathing lleutisy cough hic ough asthma 
haemoptjsis pnejmonia dy pbagw ajAonia Urynptis myositis mvalgii furuncu 
losis cutaneous eruptions urticans rose spots desquamation sweating apathy 
las ilude somnolence or insomnia anorexia conjunctivitis cornea! ecchyrooses 
mvdnasis photopbnlia diplofia pule often slow by companson itb heig*' rif 
feve albumiDuria present or ab ent indicanuna present or absent po itive diaW 
reaction ca ts in urine posilite Kctnigs sign loss of patellar and tchillcs tendon 
reilexes oetinUs rigor persistent or remittent fever and menstrua! disturbances 
rear" r d is arthritis iheumati m ibeumatic fever dermaiomvositis pevic inflaouna 
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the stem of the funnel for larvae by means of the microscope Oi inch 
objective) 

Also some meat may be fed to several white rats or mice After 
2 or 3 da> s examine the duodenal contents of one animal for adult worms 
After two weeks examine the musde ol the diaphragm etc for encysted 
larvae as above 

Dunng the second and thud week m severe cases when there is high fever marked 
mtoncation and prostration as in typhoid fever may occur There is often transient 
oedema especially about the face and eyes There is usually a high leukocytosis 
with a maried eeunopkilia although this may be absent m the early stages and in 
fulminant cases The I nai are then present tit tke afculat m blood To demonstrate 
them withdraw about s cc of blood and lake m 3 volumes of 3 per cent acetic acid 
Centiifugaliae and exaimne films of the sediment stained by Giemsa s method 

From the tenth day on the larvae begin to migrate into the muscle and become 
encysted This is associated with severe pain s( flness and disabihty There 1$ often 
painful labored breathing laryngitis with cough and occasionally haemoptysis After 
this time «»tie a bit of rnustU ft m the deltoid or pectoral muscle near its insertion and 
ex mi e for encysted larvae as described above 

Cutaneous Seaetaons —Bachman (iprS) reported positive precipitin and intracuta 
neous reactions in infected animals using an antigen which he obtained by d gestmg 
heavily infected muscle in pepsin and HCl and by v-aahi g drying grinding and 
extracting the larvae so liberated C cas solution may be u ed for extraction Aeom 
ineicially available Tnehutth antigen u prepared by Eli Lilly and Co 

The mtiadermal test has been applied successfully (0 the diagnosis of human 
I faction by Augustine and Theilet and Spink and McCoy et al { 933) who obtained 
(in Rochester NY] pos uve reactions (the immedttte production of a Urge wheal) 
in 9s pet cent of 3d acute eases and in 6 pet cent to 80 per cent of cases from 3 months 
to j years after infection They gave o t cc of a 1 to 10 000 and if this is negative a 1 
to 500 dilution Late reactions occur but McCoy found them unreliable m human 
infection In most cases the reaction became positive during the third week In a 
control set es iS per cent gave positive reactions which u practically the incidence of 
infection found by Queen (1931) in a special study of 344 routine autops es (also m 
Rochester N Y] 

Kalgus (1936) in Puerto Rico found a positive skin reaction m 74 per cent of 66 
cases of trichinosis which might seem unusual in that locality hlcNaught ( 939} 
in San Francisco tested 63 individual andfound z 7 percent who gave theimmediate 
type of reaction and 9 per cent a delayed type of reaction There was no history 
of infection m McNaugbt s cas s Schapiro Crosby and Sickler (1938) performed 
routine mttacutaneous skin testa by Bachman s method on 400 individuals Of these 
116 died in which the reaction in 27 bad been positive and m 89 the reaction negative 
Only 3 of the cases found to be pos five to the skm test were found to be negative for 
trichina infection at the autopsy Autopsy record in San Francisco have shown that 
4 per cent of the d phragms may contam bvmg tnduna 

Failmezger and Spalding (1939) found Truhtnella larvae m the venous 
blood of 3 of 6 children The inlradennal tests were negative in all 
Precipitation tests were positive in 2 but negative in i Dammin (1941) 
reports one case in which larvae of Tnchtndla sptrahs was found m the 
arterial blood after unsuccessful cTanunation of the venous and capillary 
blood In this case the initial skin reaction to the National Institute of 
Health Tric/rma antigen 1 10 000 was of the delayed positive type This 
was followed by 2 negativ e reactions 

It s unfortun t« th»t the skin tests do not g ve p silive reactions m Inch nosis as 
ly m the dise se as is desirable Aeeofdmg to McCoy and his associates they may 
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pork and of some of the parasites The adults can occasionally be found 
(but usually are not) by repeatedly suspending the faeces m water and 
decanting and examining the sediment with a hand lens On the whole 
however the examination of the stools for trichinae is not at the present 
time regarded as a valuable aid to diagnosis, and Hall (1937) states that 
the weight of e\ idence is to the effect that U is of little if any \ alue 
As other aids in diagnosis, there are the search for trichina larvae 
in the blood and cerebro spinal fluid the ripi lest and precipitin test 
and the biopsy method for the examination of excised tissue As regards 
the blood and cerebrospinal fluid examination, the lat\ ae may be present 
beginning a week after infection although they are not always easy to 
find The cerebro spinal fluid should be centrifuged and the sediment 
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examined They may persist in such locations throughout the period of 
larval production bv the females m the xilli and have been detected in 
the blood m some instances over a period of 3 weeks Also it must be 
borne in mind that when they are looked for too early or too late they will 
be absent even if the case is climcally trichinosis The biopsy method 
has the limitation that it is negative in the early stage of the disease ana 
even when trichinae have )ust arrived in the muscles they are much less 
likely to be detected than when they have had time to grow and encyst 
However this examination is often very valuable in diagnosis and gives 
dependable information provided the biopsy specimen comes from an 
infested muscle In connccUon with the examination of the muscle of the 
patient it is advisable, if possible to secure some of the suspected meat 
eaten and also examine it for encysted larvae The specimen from the 
patient or animal may be teased or pressed into a thm lay er betw een heavy 
glass slides and examined with the % inch objective If no cysts are 
found chop upsomeof the meatandigest over night at 37 C inartificial 
gastric juice (o 7% pepsin m o 3 per cent HCl) Then put the material m 
the Baermann funnel apparatus and after a few hours examine the fluid m 
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It should be emphasiied however that pork, must be cooked for a 
length of ume proportionate to its weight in order to insure the permeation 
ot htat to the center Erpeiimepts have shown that at least 30-36 
minutes boiling should be allowed to each kilogram of weight (2J4 lbs ) 
Hurried xoasling does not destroy the {orasites as long as red or raw por 
tions are left in the center 

Salting and smoking of pork are not efficacious unless carried out with 
great care 

Augustine (J93O his shown tb»t qaick cooiuig to —34 C ot quick cooling to 
— 8 C followed by itorige at that temperature lor 14 hours ot at —15 C for 48 
hours readers the tnchinie non mlectiee CoM storage lor so days at a ternperiture 
ot —is C wteqmtedbytheUmtedSuUs Bureau of Aaimil Industry lorpofk products 
to be used uncooked 

Public Health — ^Trichinosis constitutes one of the major public health 
problems of today Its high incidence in the United States and a number 
of other countries indicates that little has been accomplished by props 
ginda against eating uncooked pork or in the special triatment of pork 
which IS to be eaten uncooked in Covernment inspected slaughter house* 
While the inspection of pork formerly performed m the larger slaughter 
houses undoubtedly reduced the amount of the disease Stiles has empha 
sued that such exareuutions are not entirely dependable and set up a 
false sense of security Moreover the most dangerous source of infection 
IS pork butchered on farms and m small local estabbsbments which are not 
inspected A number of epidemics have been traced to such pork from 
country slaughter houses 

A very dangerous and wide spread custom which leads to the dissemi 
nation of the disease is that of feeding raw garbage to hogs Nearly 40 per 
cent of the cities of the United States of over 4500 popubtion and 50 per 
cent of the cities of over 15 000 dispose of garbage bv feeding it to hogs 
The rate of infection is highest on 4 c North Atlantic Coast and in Cali 
forma where hogs are most tatenswtly led on garbage In the bliddle 
West where hogs ate raised on pastures and fed on grain the incidence is 
lower anditisstilUowerintbeSoulb where hogs are generally allowed to 
roam the fields and woods and do not have easy access to kitchen scraps 
or city garbage 

M ^ tushc tad Zspat r (1941} bet eve (hat rodent control is a autistically verifiable 
method ol reducing tnchinons percentage m giibage-fed swiae 

lUU (1Q3;) has found that g rhage ted some bate tjicli ae belvecn j and $ times 
as frequently as do gram fed swine and bene ate cspeci lly important as a source f 
human tnchnoss Tnchnosis in swine *s a| patently tr ceaWe to the ral ng of 
uncooked pork scrappings in ga bage table scraps sw U and svmil t substances much 
mote often than a IV traceable to the eaUnget rats by swine Nevertbelevs a mall 
aroou t of trichinosis in »wme occurs I om tb it ealing infect d rats and the disease 
sir stn tied Itom rat to ratby eanoib bsm 

In V e« of the e facts i{ is esceedingiy desuable to places where it is believed to be 
tconom cally necessary to feed gail ag to b ga that it shoul 1 be c oked with steam or 
boil og water The city health d partments should rot only pool ibit the feedirg of 
uncooked city gatbag on muo cipal bog farms bit should also prohibit its sale to 
private conlractars 



be positive with certain dilutions in ii days or according to Spink and Augustine 
(19J5) in 14 days It has been reported that the tests may remain positive Jot over 
7 years after clinical recovery Also it has been found by McCoy Miller and Fned 
bnder that m a senes of 1 24 cases in rural Louisiana heavily infected with other aens 
todes (chiefly rrichurii] but probably free from Trichtnella 6j per cent gave positive 
reactions presumably group reactions Thus while the test promises to be of consider 
able practical value a positive result is not conclusive particularly if other pansitei 
are present A positive prtctpilin teatlion has also been employed but appean too 
late in the disease to be of practical diagnostic value It usuallv does sot become 
positive until the end of the fourth week after infection and ft may remain positive 
for a year alter the infection Bachman and his associates (1934) report vinous 
conditions w hich give nonspecibc and anomafous reactions 

Treatment — The treatment employed can only be symptomatic and 
of a general nature for no specific remedy for tnchintasts is known The 
adult parasites m the intestine are difficult to dislodge since they may bore 
deeply into the mtestmnl walls Nevertheless when gastro-intestinal 
s> mptoms follow the eating of pork which was not well cooked, an attempt 
may be made to dislodge them by evacuating thoroughly the gastro 
intestinal tract Castor oil may be given at once and followed shortly 
ailetwatds by magnesium sulphate Chandler suggests that tetri 
chlorethylene or gentian violet should be tried to dislodge the parasites 

Often however the infection is not recognized until the larvae are migrat 

mg through the body This is the most critical stage of the disease and 
if the patient can surviv e the toxic products of what may sorDetimes be 
millions of migrating and developing parasites until they reach full sue 
and become encysted the critical stage is usually over 

Beard and DeEds have reported some success in reducing the number of lafvie 
m the muscles ef eipentnental eats by administering sulfanilamide* and suWalbiisuj^i 
Someren (J939I reports that he was able to reduce the number of adult parasites in tte 
intestinal wall by feeding butoJan (Bayer) 

V\antland (1934) has shown eapenmentally that calcification of well formed 
can be hastened by administration of cal lum and eigosierol ' on Brandt (1938J 
found that such calcification can be hastened even more by large doses of pacathormone 
However Perea points out that this is not wise id rnan as calcium deposits focin heiore 
any effect on larvae is noted 

Prevention — Personal prevcntivt measures against trichinosis are 
simple and consist in abstinence from all pork which >s not thoroughly 
cooked Numerous experiments show that trichinae are killed usually 
when the temperature reaches 55*C (Ransom and Schwartz) More 
recently Otto and Abram (1939) found rn their experiments that a /e'V 
trichinae apparently tolerated for i-s minutes and that 7 

1000 m one experiment apparently tolerated 60 C for 5 minutes They 
regard these slight discrepancies as the result of the differenceb used m 
exposing larvae to the infected temperature 

Ransom and Schwart* pointed out that the larvae are quickly destroyed by 

to a temperature of S 5 C gradually attaujed 53 C is the nummum temperature wBK 

quickly kills practically all larvae Hie Eedersl Government requirement of 137 ‘ 
(58 3 C ) in the heat processing of pork offers an adequate margin oJ safety 

Andes et al (1941) who administered this drug to 8 persons m whom the diagnosis 
had been made within 3 days of the onset of symptoms reported complete and imtne 
diate recovery 
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The destruction of rats and keeping of dead rats from bogs is also desb 
able It obviously is important that all the carcasses and viscera of bogs 
dying On farms should be carefully destroy ed, preferably by cremation 

KeUon (iQSO) suggests as an additional measure of protecUon that aliin tests «n all 
hogs should be permitted and that in those giving posiUie teacUons the meat should 
then be especially refrigerated before use laasenesol 211 hogs tested by this method 
in 97 per cent the results coincided isilh those obtained from microscopical examinatioii 
of digested diaphragms \thether this method is a practicable one and thoroughly 
rcLable u not yet known 
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Chapter XLIV 
ANCYLOSTOMIASIS 

and Other Intestvnal Infe&taUona enth Related Nematodes 

Defimtion — Infection with the hookworms of the family Ancyh 
stornatidae 

HiSTOaV AND Geograpiiical Distributiom 
History — It is verj probable that hookworm disease existed in Egypt 
in the remote past and it has been claimed that a disease mentioned \n the 
Ebers Papyrus was of that nature It was also mentioned by Avicenna 
the Persian physician (980-1037 AD) 

f roelich m 1789 found hookwetms in (be for and named them hookworms from 
the hook like nbs of the copulatory bursa He proposed for this parasite the generic 
name of U e Mrii Hence sinee the gentis Una ana was preempted for the book 
worm of the for it was not valid for the bumao species wib equcntly described The 
best accurate descnption ot the human pacavite was given by T>ubisi from maierul 
obtained at an autopsy In 8^8 he noted that tbe^ norms nere generally found m 
very anaemic cases and that the mucosa of the duodenum or jejun im where the para 
Sites nere found frequently showed lunciate haemonbagei On account of the 4 
ventral teeth projecting from the mouth of the nematode be gave it the name Afchy 
III! mo or more correctly AnKylnttm (dryx h hook and e iita mouth) 

Bilhara (iSgj) and Gtlesmger ( 854) regarded the parasite ss probably being reipon 
sible for a severe form of chlorosis very com non in Egypt In 1886 Wuchetetcon 
nected bookworms with ad lease in B aaiUahedepiUtee In 1878 GmsiandBarona 
noted that the di ease could be diagnosed by tbe finding of the characteristic eggs in 
the stools of patients 

Perronuto in 1879 made (he important discovery that the severe 
and fatal anaemia which was prevalent among the workmen employed 
m the construction of the St Gothard tunnel was due to hookw orm infec 
tion It was especially through this demonstration that the importance 
of the parasite as a pathogenic organism became recognized 

About tbe same tune it became generally consdered that the anaemias vvhich 
affected workmen in a number of mines were of a similar nature Perroncito (18S0I 
reported the development of the f te bving first stage larvae batched from eggs and 
their metamo phosis into filariform lar ae while Leichtenstern 1887 found that 
mature filantorm larvae when introduced by tbe mouth 1 to the intestinal tract d cl p 
into adult parasites in the small intestme 

Ldovs (1897) in Egypt first accidentally infected himself by placing 
filariform larvae upon his skin and later by experimental studies on the 
dog with Incylostoma cuninHm he demonstrated the complete route of 
migration and the stages of dcvelopm nt of the parasite from the time of 
Its cutaneous invasion and passage through the lungs up the respiratory 
tract over the epiglottis and thence downward into the small intestine 
1*5* 
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UUnds of the Carnbean Mexico aod tbe soutbem states of the United Statee The 
inhabitants of many of the islands of the ^afic ate heavily infested It also occurs 
on the north coast of Africa central and south Africa and in Australia 

The table as shon n on p i ji illustrates the rate of infection found m approximately 
50 pet cent or over w » number of surveys usually following simple m croscopical 
e amination of the stools Nq doubt hi^ rates might also be found in surveys per 
formed in a number of other moist ttoitcaticgtons In the United States forexample 
SmiUie (1924) in Alabama found too per cent of those examined infected andManson 
Bahr 1940 says m some districts m Jamaica the whole population is infected 

Chandler (1919) and Faust ( 940) have referred in detail to the different geogtaphi 
cal distribution and prevalence in ome countries of the s species Aficylaslama duoitnale 
and Aecafor amirica ui Ilowevtr often both species ate found in the same country 
The latter parasite has been an important agent 10 the production 0! the tropical 
anaemia of Ihjerto Kico and in theprodurtionof laziness in the poor white pqpula 
Uonol the southern U 5 and in the natives of certain sectioiis of the Tbilippme Islands 
In the United States Keller Leathers and Densen (>940) point out that the rate of 
infection of hooh worm m 6 of 8 of the Southern States was 56 6 per cent from 1910-14 
and ti 1 per cent from 1930-38 In the latter f enod the states m the order of prev 
le c 0! the disease fromh ghestto)oncstwereasfollo*t Mississippi SouthCaiolina 
Alabama North Carolina Kentucky and Tennessee 

ZootocY 

The hbokviorms are classified in the Suptr/amtly Stiosgyloidea 
In this superfarmly the male has a caudal bursa a prehensile sort of expansion at 
the pQStetiet end (or eopuUtory purposes 

The mouth is usually pro ided with six papiUae and at times with a chitinous 
armature The oesophagus of the adult is without postenor globular bulb but may 
be greatly srrolUo 

ramibes discussed Ancylostomatid e in which there is a well developed caudal 
buna and buccal capsule aperture of buccal capsule pjarded by cutting plates or 
teeth Strongylidae with well developed caudal bursa and buccal capsule aperture 
of latter gu rded by a corona radiata TncbostrongyUd « having a well devel 
oped caudal bursa buccal capaule when present rudimcDtary Metastrongyhdae with 
a poorly developed caudal bursa having atypical rays and buccal capsule absent or poorly 
developed The human bookworms belong to the family ancyidstouatipax 

The oval cutting organs m the species of the genus A cileslama consist of tooth 
like processes while m the genus A «ir»r they cons st of semilunst plates 

S [mfea (t —The hookworm infect ons of man ste nearly all due to two speaes 
AHcylailonad odt 0/ the Old \S oild Species and Aecefor owe co ur the New 
\\ otld species In fact both are widely distributed throughout tropical and subtropi 
cal regions and are found in temperate regions in mines tunnels or other localities in 
«b ch they find warmth and moistuie The adult worms are found in the small intes- 
tine (jejunum) of man sometimes id enormous numbers (i 300 or more) They attach 
tlemseive totbemucosafrornwhichtheysuckbloodandcauses mefreebleedmg As 
a esult of this blood loss perhaps of secondaty bacterial infect on and possibly also bv 
Ibesec elionofato in they may givensetoaseverefhypochtomic) anaemia weaknes 
general debility and chron c ill health with retardation of development of infected 
children \ery severe infections may be quckly fatal Sltny c ses however are 
j rsclically sympt mless Newcomers into n ndem c a ea usuaUy suffer mote 
tNielylhaotb native population wbKb bas atq red Some immunity to the par site 
or to is effects Recent stud es ba e shown tie great importance of a defioent diet 
1 the p oduci on of the anaemia wbKhcans m tiroes be rel e ed by theadro nistralion 
I la g d 5 s of iron without el minat on of the parasites The use of anthelmi tics 
bowt a impoitaiit especially ui connecuoD with ultimate cure The hookworm 
consutut a a maj r publ c health piobIctB in many infested regions In some localities 
over go pet cent of the population are mfected 
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In the intestine the para«ites develop a mouth capsule and become 
attached to the intestinal wall After becoming sexualJ) mature and 
mating ovjposition takes place 

It was reco{,nued that the disease Tiusefy prevalent iu the southern United Sutw 
35 long ago as 1849 as isshonn by the wntmgs among others of Duncan who noted 
(he frequency 0/ anaemia often associated with dirt eating among (he slaves ffeslso 
described the oederiatous legs the protuberant belly and cardiac palpitation Stiles 
emphasiaed that the disease was probably of frequent occiirreoee in the seutheni 
United States »nd after a study of roaierut sent him by Smith and Qaytor m the 
United States and later by Ashford in Puerto Rico be in ijor recognized that the 
species of hookworm common 10 this country was a new one lie first desmbed and 
named it l/iictnaria ammeana but as the genus Uncmaria had been preempted for tie 
hookworta of the fo* as above mentioned it was not valid for this new speciesaad the 
name was Jater changed to Ineifosi na otMtiianaM and finaH| to tem/or amfneonas 

Geographical Diatribution — lIookwoTm disease is widely diffused and may be snd 
to occur in practically all tropical and subtropical countries It however is usi'sD)' 
rare in temperate or northern counines except 10 tames or tunnels nhere sanitation 
is poor and suitable conditions of warmth and moisture Mist Thus it has been found 
by Haldane to he lb* cause of severe anaemia m a Cornish mine and in parts of Belgiuis 
It IS more common in the south of Europe It is ertremrfy prevalent in India 
Egypt as well as 10 Cbna and other parts of the Par East It if a very nupcrtjM 
infection in Puerto Rico and is common in the ThiJippine Islands It it eatenstifly 
distributed in South Amenta especially Braail as well as in Central Atnecica the 
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motile and can cra^il up blades ot gnssot up the vertical sides of mines Coit found 
however that they do not in grate mote than 4 inches from the place of development 
Before becoromp ensheathed hooVnortn larvae are readily destroyed by direct sunlight 
by chemicals or even by dilution Ci the faeces and especially by ie unne After 
ensheathroent they become relatively re 1 tant and in shaded moist ground may live 4*8 
weeks m the tropics {even though they lose their sheathl although according to Cott not 
longer than this as some have maintained In a cool moi t environment they may 
live much longer They are stiU quite sensuive to desiccation and to eitremes of 
temperature 



Kinf ct dsoilcomes nto contact with the sVin st mulated pr bablybythen rmth 
the larvae become very active and iu r«4f lA e«rA l*« tA r caus g the familiar symp 
tows of ground itch App rently any part of the skin can be penetrated andotilva 
few minutes ate required f t tie tnocess The inUrdigital space of the feet ate tom 
monpomtsof e tr nee In the suheutan ustssu theyentetih ve ns or lymphatics 
and are earned passively to the lungs II e they petelrate the wall of the cap Hanes 
and 1 eoli into the air sics and proceed ot ate cart ed up tl e hroocbi and trachea to 
the pharynx They ar then swaH wed anl reach the intest ne about one we k after 
infecli n basing undergone a third moult ng The larsae g ow rapidly undergo a 
fourth m ulung after anoth t week (wh n they measure about mm by o 3 mm ) 
and re ch malunti about a 00 th afte nt nng the body ^ai Rjo (19J7I who 
placed 500 A y/ojiofnu Ursae on the akin of 3 olunteers found eggs in their faeces 
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The eggs which are passed in the faeces are not infective for man They batch 
in soil and water later after moulting developing into filanform larvae which con 
stitute the infective stage for man 

Anc)lostoma dtiodenale (Dubim 1843) originally an "Old World 
species has spread over large parts of Africa (especially Egypt) and Asia 
It occurs m limited areas in North and South Amenca It also has been 
found in the gorilla, tiger, civet cat, and has been etpenmentally det eloped 
in joung dogs and cats (Blacklock, 1938) 

The male IS about 10 mm long and o 4 to o $ mm wide the female about ii by 
o 6 mm The seaes are easily differentiated by the shape of the tail pointed in the 
female broadened in the male into an umbrella like expansion the copulatory bursa 
The large oval mouth has four tla.t hke lertk on the ventral side of the buccal cavity 
and 2 knob hke teeth on the dorsal aspect It also has a pair of ventral lancets below 
the 4 \entrat teeth The anterior part of the body is filled by the oesophageal gland 
which secretes a substance inhibiting coagulation which is discharged through a dorso 
median cone The anterior end of the body u bent rather sharply in the same direction 
as the general body curve In the female the vulva is located in the posterior half 
of the ventral surface Thecopulatory bursa of the male shows a shallow cleft between 
the mam divisions of the dorsal ray which has tridigiCate terminations There are two 
distinct hair like copulatory spicules During copubtion the worms join so as to form 
a Y shaped figure 

The females after fertiiiaation give off great numbers of ova variously estimiteo 
at 6000 to so 000 or more per day for each worm Tbe ova measure about 40 by £oi> 

They have a thin shell a wide clear glassy outer zone and agranular central tone which 

(in freshly passed faeces) is usually divided into a to 4 (never more than 8) cells 

Necator amencanits iStHes 190 ), tbe New \\ orld species althougb 
first discovered in the United States appears to have been native in Afnca 
and was probablj brought to Amenca by negro slaves It has also 
been found in the pygmies of the Eastern Congo and in Rhodesia It 
IS wide spread in Northern South Amenca the West Indies m India 
Ceylon the Malay peninsula the Philippines and the Pacific Islands It 
has been reported in the pig and from several species of monkeys It 
differs from Ancylostoma duodenale in the following points 


It is slightly smaller the mate measuring 8 by o 3 mm the female 10 by 0 4 
The buccal cavity is smaller round and w equipped with 2 prominent ventral chitinous 
plates and 1 rudimentary dorsal plates m place of the teeth The median dorsal cone 
projects conspicuously into the buccal cavity Deeper in the cavity are one pair eac 
of dorsal and ventral lancets or pharyngeal teeth The anterior tip of the body is 
bent back sharply in a direction opposite to that of the general body curve 

The vulva is in the anterior half of the body The caudal bursa is deeply 
the terminal portions of the dorsal ray are bipartite instead of tripartite The spicules 
are fused at their tip and end in a single barb Tbe ova are slightly larger (40 by 7°^! 

The life history is practically the same m both species Segmentation of the 0 s 
does not progress within the intestine probably because of lack of oxygen After 
beingpassed m the presence of warmth {14 to 37 preferably 27 C) moisture (muddy 
water damp earth) and oxygen segmentation progresses rapidly so that witiun two 
daysasmallfftaWib/ormlarraishatched (Tordifferentiation seep laSoandFig 279> 
This feeds voraciously and grows rapidly reachingalength of o 3 mm on ‘^>6 

when It moults and o SS ““ o“ when it moults again loses the bulb us 

swellings of tbe oesophagus and is converted into 0. fiat form larva the infective stage 
The old cuticle is not shed but is retained as s protecting sheath The parasite then 
enters into a resting stage in which it ceases to take food although it remains actively 
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The negro race does not suffer front the infection as does the white The foioier 
appear to have an immunity butoflenserveascaniersof thedisease Kell t Leathers 
and Densen have made a comparison of the incidence of hookworm infection in 17 45S 
negroes and 59 oiS white persons in the same counties in the southern United States 
during 1930-1938 The incidence m negroes was about one fourth that in white 
individuals and the average intensity of infestation was about one half that found in 
white persons 

There is a difference of opinion as to the length of time the parasites may live in 
man m the absence of reinfection Some consider this period one of a few months 
others of a or 3 years It has been considered that a case leaving an infested region 
wilt get rid of his parasites withm 7 yean 

Nowhere in the world has the study of hookworm infection been 
pursued so intensively and carefull) as m parts of the southern United 
States This work was begun on a large scale by the Rockefeller Sanitarj 
Commission in October 1909 with Dr C W Stiles of the U S Public 
Health Service as Scientific Director 

Among the specific objectives of the Commission was to make an infection survey 
with an active and rebabte citimate of the degree of infection b) counties to make a 
sanitary survey which should show by counties ibe condition of soil pollution respoa 
sible for the presence and spread of the infection to demonstrate to the people that 
hookworm d tease was a lerious handicap that it was curable and preventable to help 
the practicing physicians of the state m diagnosing the disease and eontroUmg it to 
make definite measurable teduct on in the degree of infeaion fot the heavily infected 
areas to make definite measurable increase m the tamtary indet of these areas and 
if possible to help lay the foundation of a state and local health service that should in 
the end take ca e of bookworm infection and other preventable diseasei 

Keller Leathers and Denaen (1940) have summarized the success of 
this work in 8 of the southern states during the periods 1910-14 and 1930- 
38 They lepotl that tn the early period 577 590 specimens of faeces were 
examined and in the later period 424 51 1 The numbers found positive 
in the early and later periods were 240 895 and 81 913 respective!} 

After adjustment for the distribution of the population the percentage 
found positive m 6 of the 8 states was 36 6 per cent m the earlier period 
and XI 2 percent in the later period resulting in a v er} striking reduction 
While there is still a widespread distribution of hookworm the areas 
of highest incidence are confined to the coastal plain and sand} soil areas 
of each state 

The age distribution shows that Ibe greatest peevaleoce was in the group 5-19 years 
of age The peak of mcide ce 34 s per cent was reached in the age penod 1 5-19 
tn the preschool children and adaUs tbe uKidencc was about one half as great as that 
found in the school age group 

Scott (1937) m the study m Eg>'pt of the data from 2 000 000 hospital 
cases and from nearly 40 000 persons examined m their houses found that 
males and females acquired i^ection at about the same rate up to the age 
of 10 In females the maximum is reached at 20 years and in the male 
at 1$ years The males are always more heavily infected The acqui 
sition of the infection was markedly associated with field work In 
Egypt the intensity of infection as ^own by egg counts is everywhere 
very low as compared with most countries ^olt believes this to be due 
to the low soil infestation intensit) 
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on th? 54th sjth and 57 th days He tlioaglit that w such instances beUtea i?o*ad 
295 of the larvae penetrated the skin By treatment he recovered adult ftorms nun 
bermg 77 78 and 85 respectively from Uieiffaecei 

Theetact duration of life of the adult parasites is not precisely known but probibly 
vanes from a few months to d years Infection can also occur if the larvae are sws! 
lowed ruUeborn showed that in cspmmentaUy infected animals a few larvae tan 
teach the intestine * iihout passtnjt th^gh the lungs 

The number of parasites which must he present to produce disease » vanmisly 
estimated and doubtless vanes greatly As a rule it it said it probably requires 
500 Worms several months to cause severe symptoms However much d^reds upon 
tbe resistance of the patient In some cases it m believed that as worms orevtftfewer 
may cause definite disturbances There is frefjuently not a close parallelism belwtra 
the number of worms and the seventy of symptoms though Darling suggested the 
reduction in the haemoglobin seemed proportionate to the number of norau present 



Fig tSo -^Ovam aC Aneyltrttama <fuo^ nt/t (Aft r J A Tbocnjoa ) 

Epidenuology — WTien faeces containing hooLw orm eggs are deposited 
where conditions of moisture uarrath and shade ctist they develop mi® 
the infective stage a filanfonn larva whi<A is the non feeding but motiie 
larva mside the cuticle formed by the second moulting ^Vhl!e eggs an 
younger larvae are killed rapidly the encysted larvae withstand partia 
drying for considerable periods 

StiJes aotfd that the more favorable conditions for development are w a 
sandy soil rather thin in a clay one here a sewerage system eaists 
hltle danger of the spread of bookworm disease «nd the same is true where 
proper disposal of the faeces by butmag boiiiog or treatment in a septic tan* 
rural districts however where the stool is often deposited in the shade and retirerne 
of a clump of trees the soil becomrsiofested with myriads of larvae so that onestanding 
subsequently » ith bare feet on such a spot easily becomes infected It w fw 
that shoes ate of protective value Infection can also occur if the larvae are *'*'*"®?*1 
In infected mmes with temperatures below at C infection is rare (6 per ''"‘I 
s» C to *5 C more common (16 6 percenO andabove t j C it may reach high cfur* 
(bi per cent) 
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Ipsion termed creeping eruption on account oi the $low development 
and migration of Ih^ larvae TTiis condition « referred to more in detail 
under symptomatology 

When the hookworm larvae m transit break out of the pulmonary 
capillaries into the air sacs they may produce minute haemorrhages and 
in instances when large numbers of parasites are migrating larger haemor 
rhages may occur in the air sacs followed fay round cell infiltration 
However the lesions and symptoms of pulmonary irritation with hook 
worm infection usuitly are not as severe as have been noted m Ascans 
or 5 roHgyleides infection 

In severe cases of hookworm infection pronounced anaemia with 
yellow vvat like skin is a feature but cmacution is tare and the sub 
cutaneous fat still remains In heavy 
infections there is frequently oedema 
about the ankles Especially m the 
lower part of the duodenum m the 
jejunum and upper part of the ileura 
small punctate haemorthapic spots or 
larger haemorrhages from the size of a 
pea to that of a half dollar are encoun 
lered One or several worms ma\ be 
found in the center of these haer'or 
thagic areas In fresh autopsies the 
parasites are found sull attached bv 
their mouths to the mucous membrane 
In other areas patches of punctifotm 
pigmentation are seen the result of older 
haemorrhages In sections of the tissues 
injured by the bite an infiltration of 
eosinophiles may sometimes be ob 
served Bonne I1937) has lecentlv re 
parted an unusual lesion which was 
observed in 3 cases in Malavs m Java 
where the parasite Uic-ilostoma bra il 
tense actually invaded the submucosa in the small intestine in one case 
causing pentomtis and death (seep 117*1 The heart mav show dilatation 
and the muscle is often flabby and may reveal fatly degeneration The 
liver and kidneys also usually show fatty changes The spleen is often 
reduced in sir Microscopical examination of eciions of the hvet and 
kidneys may show (he presence within the pawmehy matous cells of grams 
of yellow pigment giving reactions of ha matoidin indicating an intravas 
culai blood destruction in which haemolysis has been a factor 

There are different views as to the manner m which the symptom of 
the disease and the resulting anaemia are produced by the hookworm 

Tl us « till sussiesttd that the anacma may be brought «bout by (1) the 
thion c low oI Wood fij the »bso pUao ot s t( ec (ic hattnoWl c losin Ljt thtough 
retested baci rul nf clion it rough th Is ns p laced by the pitas te m tt e intes 
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While the careful studies of KeUer and his associates m the United 
States show that a substantial reduction has occurred m the incidence 
in each of the southern states in the counties studied since the in\ estigation 
and plan of control was instituted bj the Rockefeller Sanitarj Commis- 
sion m cooperation with the State Department of Health nevertheless 
the disease has not been adequately controlled in many areas 

The reduction in incid nee has been greatest in those states in which suitable sod 
areas are most limited in extent and the cktnatic factors are less satisfactory for the 
development of hookworm larvae The disease has bceff reduced m these states to a 
level which now may be regarded as residual hookworm Ifowever the great value of 
these sanitary campaigns is demonstrated by the fact that even in those states where 
all the conditions are favorable for the spread of hookworm the reduction has been 
greatest where there has been a sustained effort for its control since the problem was 
ffrst taken up by the Rockefeller Sanitary Commission 

Otto and Kerr (1939) have been carrying on for some 14 years evpen 
mental studies on canine hookworm infection in connection with the 
question of the biological control of the infection by the host In a recent 
report 3 litters of dogs a total of 10 animals were used to demonstrate 
the sharp difference between the active immunity to hookworm resulting 
from serial like infections and the partial refractoriness of mature dogs to 
initial infections From 52 to J03 worms were recovered at autopsy from 
actively immunized dogs given test doses of izoooo to eoooo larvae 
whereas the unprotected litter mates produced 1263 to 31 00 worms 
Furthermore, the unprotected animals with one erception succumbed 
to the lest infections whereas the immunized animals were scarcely dis 
turbed They have been led to conclude not only that the phenometioo 
of actively acquired immunity operated m the host parasite relationship 
of the canine host and the hookworm lnc^losl0ma cantmm but that it 
IS apparently by far the most important natural means of host control 
of the infection 

PATnotooY 

The site of entrance through the skin of the filariform larvae is often 
characterized by a dermatitis which has been called ground itch or 
foot itch by reason of its frequent location in the foot which has 
come in contact with the faeces polluted soil The symptoms consist 
of intense itching and burning often followed by oedema and erythema 
and later by the development of a papular or vesicular eruption The 
dermatitis due to infection by A ecator usually disappears m about weeks 
unless some secondary infection occurs However the skin invasion by 
does not always give rise to dermatitis and ground 
Itch IS not found in Egypt where ancylostomiasis is rife 

Other cutaneous lesions also frequently result from exposure to the 
skin to filariform larvae especially of the species A bra tltense of dogs and 
cats and Ancylostorna canttmm perhaps also the human strains The 
lesions consist of the producUon of serpmginous tunnels in the stratum 
germinativum sometimes followed by an erythematous vesicular or papular 
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\\ hetbf r the eosinophiha is an evidence of a production of a tovin is not clear How 
ever the eosinophil a may be due to the imtation of the passage through or presence 
of the larval forms of the parasite m the skin Nevertheless there is still some differ 
ence of opinion about the production and effect of a tosin m regard to the anaemia 

In addition faulty diet has been pointed out as one of the chief causes of the anaemia 
DeLangen 936 has part cularly cmpbasiaed that diet and general h>giene have 
important contributary effect on the development of the se ere anaemias Diet poor 
in protein and lipoid substances (which are essential for ted cell regeneration when 
extra vascular blood loss is continuous) obvionsly may mSuence the anaemia especially 
if there is deficiency m the gastric ju ce Stewart has emphasised that heavy nematode 
infections les en protein digestion Apparently such poorly nourished individuals 
are also less resistant to infeetiin Another factor individual res stance 1 important 
Manson Bahr (1940) points out that many lababitants of tropical countries are m a 
state of chronic starvation hving on coarse bulky unnutritious food and are prone 
to d latationof the stomach and dyspeptic troubles Insuchmdividuals any additional 
cause of malnutrition as the presence of a very large number of ancyhstomes and a 
daily though perhaps small loss of blood may be sufficient to turn the scales against 

Castle Rhodes Payne and Lamson (1934) in a study of 83 patients with hookw orm 
anaemia in Puerto Rico thought the anaenua was due mainly to insufficient blood 
production as a result of a deficiency of ava lable iron and other haematopoetic sub 
stances m the body This deficiency as postulated to be produced by multiple 
factors defective d ets or indirectly by gastro intestinal changes or by blood loss due 
to the hookworm Various combinations of these factors were probably Involved in 
dififerent patients No effect of the presence of the hookworm could be demonstrated 
other than could be accounted for by its abibty to remove blood from the patient 
The removal of the hookworm was shown to produce slight cl cal improvement and 
to have considerable effect upon red blood cell prod ction but to have bttle effect 
upon haenoglobui production with n several weeks The daily admin stration of 6 
grams of feme ammonium citrate withorsometimes even without removaloftbeparasites 
was attended by itr king improvement of the blood values of the clinical conditions of the 
pat e ts 

It teems cleat then that 10 many cases of hookworm infection when iron and liver 
are added to the diet the anaemia may be greatly reduced Scott (193%) points out 
that it IS not the number of bookworms that detetmioes the onset and degree of hook 
worm anaem a so much as the host a iron reserve 

Character of the Anaenua — ^Thc anaemia is often the most prominent 
symptom in hookworm infection and is generaUy recognized first bj the 
pallor ol the mucous membrane It is accompanied b} tbe usual symp 
toms of weakness fatigue palpitation and dyspnoea The children are 
often physically and mentally backward — ^puberty may be delayed 
Often the abdomen is distended and rapidly developing asthema may 
occur Ashford and Panyes (1933) noted gross intestinal haemorrhage 
m several cases The anaemia may reach the most severe stages quickly 
but m other instances slowly It has usually appeared by 10- o weeks 
after infection Eventually a severe grade of secondary anaemia usually 
results The anaemia is hypochromic and usually microcytic in character 
The haemoglobin content falls first and later the number of red blood 
corpuscles The color indet is always less than i in severe cases 

Fikn » d Ghil ou gui fou d thit the average total blood volume in cases of ancy 
lostomiasis was 7g s cc per kg body weight However the average plasma volume 
ID a cylostoma anaemia was 61 6 per kg so that the diminution of the total blood 
vol me could be accounted for entirely by tbe dmunution of the red blood corpuscles 
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tiae and (4) through uafaiarsbk dietetic inlSdcnces In *B3n> severe Uie 

chronic loss of Wood due to the direct »ttwn of the parasite aould appear to be »a 
inpoitant factor 10 the production of the uraeniu 

ftoduction of Aoaeiaia -"-Lying m the mucosa the adnSt norms tnessarn^ from 
6-tsmnts in length /eed higefv a,pGn Uood and aStfwugh the amount d«irn iy* 
siogie 1101131 daily » tojnpiTatively smaU <ard bat been roughly estimated by Null 
oyec WellsoSicc Sai Ryo ( 19 ^ 7 ) 0 jScc and Faust ififo oh; cc) that smauat 
abstracted by thousands oJ parasites continned day after day for long periods of tune 
would appear to be an ample ezplaoaUMi sr many cases of the resulting inarmia 
Also in feedifig the pAtiSUes mote from sit (osite and the Weeding may contaae at 
the site of the bite far a cnnudemble period after the «orm releases its hold oa the 



Flo sSi — Long kud nai section through » hoatwocm attached to the latest a* 
mucosa #bo«e d fianrs after tie ifeiici a' the earner A port on of the aobmucous 
coat IS d awn into the buic«l caojtjr and trails afoog cord J l.e into the o 
in wh oh 4 sma 1 1 siuc no lei are stiU dtscemihie Section o oi wim thict 'Fra® 
&f<o e > 

mucosa and moves to armthrt spot Therefore it seems ohvicins that a continual lust 
of blood occurs by the feeding of (heoomsio thisnay as has brtn especially demon 
slrated by Wrfls Upjj/ '\jsJii aiuJ Fnlleborn and Liluth (rpsp) 

because m some cases the anaemia seems to he too great w proportion to the bhoa 
Sid IS not always in ptoportioa to the number of parasites present some observe^ 
mint there zaust he suother fortw jn lu ptoductioa Jt has hfen suggested tbit toe 
anaemia may be due to tosicis ecreted bs the parasite which either damage (be reu 
blood corpuscles or the hone marrow which gives ns« to them However recent invrt 
tigations have faded to demonstrate any toain oe haemolytic substance producea ^ 
the worm sHbough sdffle earlier investigations in lest tube tspeiimenW *ho«ro 

that a haemolysifi was pKsent 

It has been pointed ovit that JO creep iig eruptions theirmatiotv about the larva 
p 3 the sVia rai%ht be due to a to-nn but the jwwence of bactena around the larvae 
which ought have caused the untatiaii bat not been eacluded m such instasre* 
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the individual gams m weight and energy and shons improvement m mental acuity 
(j) Mild cases with moderate degrees of a aerm the haemoglobin percentage ranging 
from 55 to 75 per cent In these cases there is rather marked epigastric tenderness 
with frequent attacks of acid eructations Cardiac palpitation and a tendency to 
shortness of breath may be quite noticeable Headache and vertigo may be pre ent 
(3) Severe cases In such cases we may find extreme anaemia with haemoglob n per 
centages around 35 or even as low as 15 These cas susually are very weak and sho v 
marked cardi c palpitation and dyspnoea upon the si ghtest exertion There is often 
dilatation of the stomach and a protuberant abd men The red cells may fall below 
1 000 000 There 1 at 0 oedema espec ally about the feet and ankle Tinnitus 
aunum is rather frequent Such cases often show depravity of appel t the best 



Fig j« 3— rtl i cyl »t m Rd U 810 00 Ilb 15 Wit 
u t 6400 E noph le b nt Upper part of mall men nil d w th h U 

worms (P om U S N 1 M d c I Dull t n ) 

k own craving being that (o earth ( Pita or geophagy ) Other p tient r 
chalk wood c lion etc 

As regard the sugg stions of Smillie and \ugustine to cl ss fy booLuo m c-scs as 
carriers nh re the n mber of worms harbored d d n texcceliooa das patie t 
when the adult worm exceeded 00 St ks ec g ixed that such a com| ut li based 

n gg CO ts may measure objecti e symptoms b t th 1 11 w ill n t b g u dcr treat 

mem ca hereth subjeeti e symptoms ar impo l m U derlheabo egr upi g 
It was recommended that c tners need not he treated Keller Leathers and Ilcnsen 
( 940) m their st d s of h okworm infc u n in the southern United States found 
th t b ut one fou ih of the indi iJ al h d moderate heavy or ve y heavy worm 
infest l n sutTciently se ere to p od ce finical symptoms The remainder of the 
eases we e classified as very light 1 fe t lions 
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Villela (1937) found tow values for plasma proteins m some cases The avetsfe red 
blood cell count varies greatly Suare* (1933) in the study of 19 cases found from 
1 000 000 to 3 500 000 111 gam and Ghalioungui give a 900 000 as an average count 

with a haemoglobin of *7 8 (Sahh) m 100 cases in which the average djameter of red 
blood corpuscles was 7 44 Tlie reticulocytes were always less than i per cent How 
ever Sai Rvo found them increasedafterthe thirdweek Landsbeig (1937) found that 
in severe hooLwortn anaemia of dogs which later was fatal there was a marked leticulo 
cytosis Eo mopbitia is usual and may reach even as high as 90 per cent Suarei 
(1933) found the eosmophiles varied from a-15 per cent 

Lichtenstein (1936) found 

ffaemogtobiD 
Per Cent 

Between 70 and 60 
Between 60 and 50 
Between so and 50 
Between 40 and 30 
Between 30 and 30 
Below JO 

From these studies it would appear that the more evere the anaemia the smaller 
number of eosmophiles and that in very severe cases they may even disappear entirely 
^\hltby says the eosmophilia may take 3 to 4 iveeks to develop Sai Ryo (loj?) m 
bis 3 tspenmewlal vnluTiteets found eosmophilia piwseirt th» third day after lie 
tion and it reached its maiimun height in the sirtb and seventh week and decreased 
after the fifteenth week In these three volunteers 300 filariform larvae were placed 
upon the akin The number of worms which penetrated was aps ags and agi '^be 
number of adult worms lecovetedm the faeces from these cases was &3 7B and 77 

In regard to the leucocytes Suarez reported counts of from S500 to 10 000 per cu 
mm there may be a general fall in their total number later but there are no other 
peculiarities in the leucocyte count 

G&s&ic SecrenoQ —The gastric stcrctioo has vantd Rhoads and Cattle 
state acblohydria is common On the other bind Bipgam 1934 rarely found 
any deficiency of free hydrochloric acid 

Opinions vary with reference to the presence 0/ blood in the faeces according to the 
different method employed far its detection When not obvious occult blood it 
usually demonstrable 

Symptomatology 

In a secondary anaemia with early and marked cardiac palpitation 
together with epigastric tenderness and a tendencv to mental retardation 
and phy sical deterioration one should always examine the stools for hook 
worm, eggs The course of the disease is often decidedly insidious and 
indefinite and the clinical diagnosis notoriously uncertain as shown by 
rnany reports where physiaans of e^>enence after examining a number 
of persons in a miU or school and diagnosing only or 3 per cent as showing 
physical signs of the disease have been astonished upon examination of 
the faeces of the group to obtain positive evidence of infection in 70 to 
80 per cent of the number examined 

For convenience it is well to divide bookworm cises into 3 groups (0 where the 
infected person fads to show any special evidence of abnormality the diagnosis testing 
almost entirely on the finding of ova in the faeces Such patients may show v^iy 
slight reduction in haemoglobin and only admit of a certain lack of energy The 
best indication that hookworm infection is doing the host injury is that after treatment 


Average Percentage 
of Eosmophiles 
3* 

23 
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ments of the larvae and the tissue imtaturngive nae to an intense pnintis with scratch 
ing and often subsequent pyogenic infection Romd cell uihltration and accumulation 
of eosmophiles may occur around the tunnels The parasites may continue Iheir 
activities for several weeks or even months but very rarely invade the circulation 
The lesions are roost frequently on the feet and hands W bite and Dove and Maple 
Slone (1933) have also studied the cieeping eruption the latter having observed it in 
coolies in India Apparently these species of hook vorm do not find appropri te 
physiological conditions in human beings for the continuation and deeper insasion of 
the tissues The infecting patasite has aonvetimes been refected to as larea mi{ aMi 
Other forms of creeping eruption are referred to m the ch pier on Diptera 

SvuMoiis IN Detail 

Skin Manifestatioos — The dermatitis folloi lOg the penetration of the larvae 
occurs most often about the toes or inner side of the sole of the foot Ashford found in 
a study of 19 ooo hooki orm cases in Puerto Rko that 96 per cent gave a history of 
initial dermatitis On the other band in Egypt where an ylostomiasis is prevalent 
ancylostome dermatitis is not observed Sul;«quently during the m grit on and 
development of the parasites in the body an urticarul cash may occur The skin is 
often very dry and often a pale earthy color A tallow yellow tinting of the alae of 
the nose may be observed The hair is dry and scanty or absent in pubic and bear 1 
regions Oedema especially of ankWs or I et is common 

Circulatory and Respiratory System*.— Palpitation of the heart is early and marked 
Fu ctional miirmun are frequent m the advanced stages 1 ulsatisn of the neck veini 
la also common The pulse rate averages abo t 1 o and the blood pressure is bw 
There is frequently some dilatation of the I «art to the t ght A high pulse pressure is 
Common in severe cases Shortness of breath on slight eaeTlien is the most common 
respiratory symptom There are at tiroes cough and trocichii s probably aomet met 
induced by the irritation of the larvae in the pulmonary alveoli during the course of 
tugrttion 

Digestira System —Epigastric tenderness is very characteristic The pam has 
aomctimes suggested duodenal ulcer The stomach is often dilated and tha gastric 
juice may be hyperacid It has been suggested that the desi e to neutralice this eeidilv 
» ih an alkali is the espUnation of the de iie for allalxontaining earth on the part of 
dirt eaters As the anaemia inaeases the acidity often diminishes and achlohydria 
may occur Patients often ate pot bell ed Conslipat n is rather a common feature 
though diarrb ea may occur The stools may very tarely show macroscopic blood 
In a few icisUnces bloody mucus has been reported 

Nervous System. — Hooknorm patients are often not only physically tired but 
mentally tired as well The infection in children leads to a backward mental state 
P tienls have ery little energy or imiutive and a e often considered stupid and 1 zy 
ffypocho driasis is at times noted and some severe cases become mclanchol c 

The Blood. — The red cell count averages in marked cases 2 ooo 000 to j 000 000 ted 
cells per cu mm The lib percentage 1 down w» such cases to between jo and 50 
The color ndex is « II below 1 except in eertain nee cases wb n the col index is that 
of pernicious anaemia being above These bttei cases are v ty resistant t treat 
mcnl and sometimes show very few infecting worm notwUhst nd ng theseventy flhe 
symptoms There is at times a moderate leucocjrtosis but as a rule the whit co nt ■ 
appiosimalely normal P osinoj hil a is quite characteristic a d u lly ra ges from 
IS to 35 pet cent of the leucocyte- Eos nophilia tends tod sap pe t as the cases become 

The spleen and liver very rarely gi e n e t any symptoms and while albuminuria is 
rather common in advanced css s with oedema atout the feet yet casts are but rarely 

DlSGVOSlS 

Chmeal Diagnosis — ^The diseases «iUt which it is most likely to be 
confused are beriberi chrome nephntis and malarial cachexia Stiles 
Seep I >73 (Donne) 
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It IS )n children that the most senous effects of the disease often occur 
there being marked stunting of the growth with a corresponding men'al 
backwardness Such children may show marked retardation and delay 
in answering the question asked them and often repeat it in a dravdicg 
manner Tested by the Bmet Simon method, one may find a 16 year 
old child to have the mental development of a toy ear old one, and at tie 
same tune, one may note that from a standpoint 0/ phy sical dei clopm'nt 
the child only seems to years old As the child approaches adult age a 
striking lack of scaual de\elopnient and the lack of pubic hair may be 
observed In girls there is delay jn the onset 0/ the menstrual periods 
or these may never appear 

The disease often exerts a deletenous loflaence on pregnaocy and in badly infected 
districts It hjs been reported as a common cause 0/ repeated abortioataod imscamages 
In pregnant women it the hsemogtobm percentage has fatleo below 60 unless Ireatmai 
Is prompt death often occurs Impaired renal fosctioc has been an outstaodjog feature 
»n the maionty of pregnant women suQenug from ancylostomiasis VfsnsoB Bair 
Points out that heaitly lotectcd cases show a predisposition to develop tie (ozaenuas of 
pregnancy such as preecfampsia ecbnpsia and nephrilw. toxaemia 

In hooknorm in/ectiori as a rate the temperature is normal throughout the eourse 
of an uncomplicated case though occasionally low fever has been noted and m the later 
stages the tetBpeeature tnsj be subnonuaf Dunng the first * eek or so foSomng » 
heavy infection there mav be pulmonary manifestations when the larvae are idfratU'g 
by way of the lungs 

In the diagrosis of a case Stiles attached much imporiance to a taliow yellow color 
of the alae of the nose and forehead as well as to the eye cbsracieristics which were 
said to resemble the eye of a fi h or that of an laioxita ted person Jfe also noted ibst 
the pupil tends to dilate instead of to contract when the patient iooLs at a hnght light 
Stitt (rg g) thought that the condition might be rather one of hippus Pimoess of 
Sight IS frequently noted and «i severe cases opthalnoscopfc examtaslioB i®ey reveal 
retinal haemorrhages There may be ni^ht blindness Ascites may be present lO 
advanced cases 

Dermatitis — Ip from 80--90 per cent of cases there ts a history of 
dermatitis particularly of toes or feet, which has been commonly caliea 
‘grounditch' footitch’or dewitch' Tfaisisrnostfrequentbetwecn 
the toes or on the inner side of the sole of the foot The irritation is due 
to the penetration into the cutaneous tissues of the hookworm larvae 
The Itching is intense and secondary infections often occur as the result 
of scratching Vesicles appear about the second day and are often 
ruptured by the suratching with a resulting pustular or impetiginous 
condition 


The skin »nd hair ate geneislly dry The evidence of brown patches m hookworio 
infection is apparently much uswe commun on exposure to t tcater ummcsxus ttai 

A«c}l3ste>K<i duedivole and with the latterparasile they are not often encountered A 

{<ysQ of creeping eruption doe to expo uie of Ibe skin to tlanforni larvae of 
lama bra ihense has been reported as occumng parucuJarly along the southern Vniw 
States coast Kirby Snuth and his assoaates ipry-ipr? have especially studied this 
\wfecUon In the course of s or j days after thcskio has been exposed to soil containing 
th' larvae reddish itthy papules appearat the site©/ the infection Use larvae by 
Bovemenls gradually produce seipigutoua tuimeia in the stratum germinitivum Tm 
lesion is at first eryf beciatoua bat soon becotacs elevated and vesicular The parasites 

tDoveoawariiattherateof scveralnnUmieterstoafew eentimetecspetdayandabaudon 

& part of Ihetuonels they have produced these becoming dry and crusty Themove 
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at least 100 times or until a perfatiy hotnogentaus suspension is obtained Cl) Centnf 
ugatue for I minute at 1000 1 p m (if tbe bottom «i the tube is 6 25 m from the center 
of the aa s) (4I Decant carefully (about 3 per cent of the ova are lost ^ith this fiuid) 
(3) Nearly fill the tube uith *4 saturated salt solution (Sp Gr i 150) and resuspend 
the sed ment avoiding air bubbles (6) Fill just t the brim with the salt solotion 
(;) Carefully apply the cover slip ubicb must touch the fluid and fit snugly on the top 
of the tube w ihout leakage A small ■ i bubble may be expected (8) CentnfugaUze 
as before (g) Lift the coverslip ofl quickly inthont iiltmg (the ova do not adhere to 
the glass in this salt solution) (10) Mount on a sbde in a horizontal position prefer 
ably on two small cones of plasticine so that tbe flu d does cot touch the slide ( ■) 
Count all the ova using a mecharucal stage and a magniflcation of 150 (12) Add a 

drop of salt solution so as to refill tbe tube as m (7) and repeat the process 

According to Lane on the average the first coverslip preparation contains 76 per 
cent of all the ova recoverable a d the second coverslip 18 pec cent By repealing 
(7) to (ii) twice more an additional 3 pet cent can be tec vered and the final 3 per 
cent by repeating the entire process with the fluid decanted in (4) Lane reports that 
this procedure gives more uniform and much higher egg counts than any other method 
and that by it infection with a angle female norm (if actively laying) can easily be 
diagnosed 

The same procedure is applicable to T (ha is and iscans ova but fully saturated 
salt (olutron should be used 

Cras I estimated that each gram of faeces «o tain d $ 0 a for each worm of which 
sf per cent are males and ?$ | er cent ( males Lane estimated that each female pro 
duced about 30 eggs per gram per day The number of eggs per worm vanes greatly 
IS less m heavy infectio s and at I est offers only a rough appro imation of the degree 
of the inlectian 

Cult ai n c} tki tan e (Baermann apparatus a described by Cort et al igie) is 
claimed by some workers to yield positi e t suits m re regul ly il an direct coneentra 
t on m thods To the tip of a large (8 meb) funnel attach a short piece of rubber 
tubingpro ided with a pinch cock FilUhefun elnearlytolhebrimwiihwarniwater 
and suspend on a suitable stand Co ertbe funnel with a p ece of wire gauze hollowed 
out so that It d ps below the surface of the water Cover the gauze with a single layer 
oftowcl Inthewateri tb m ddle of the cloib put the faeces (or soil) to be tested 
Incubate (or tb <e days or mote in a warm room The larvae work out 1 to the water 
and sink into the tip of the funnel If a piece of Ke is pbced on top of the sample it 
will hasten thdr migrat on Draw o 9 a few cc of water centrifugal ze «nd examine 
the sed ment for larvae (Differentiate from 5 rrong}{« dri larvae ) 

The d agnosis can also be made by searching (or tbe adult worms in the faeces after 
a vermifuge They may be found in cases in nh ch o a are not demonstrable m the 
faeces by the less eScie t concentration method 

Charcot 1 eyden crystals are often present in bookworm stools 
An eoji philia (10 per cent to 20 per cent occasionally h gher) is usually present 
but IS inconstant and may be absent in the se ere cases 


Prognosis 

1 he disease is more serious in children than in adults on account of us 
interference with phjsieal and mental devrelopment The dark races do 
not seem to suffer as much as the white ones Treatment is usual!) very 
beneficul but in those who arc debilitated b> other diseases or in those in 
whom the disease has assumed a pernicious anaemia tendency the out 
look IS not good In expectant mothers with low haemoglobin percentage 
the prognosis is often grave 

The disease shortens the life of the people in un infected district and 
mikes them readil) fall victims to intercurrent diseases \arioussta 
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notes that heavy Ascaris infections may sometimes give rather similar 
symptoms The signs of a multiple neuritis should differentiate benben 
and the presence of casts or high blood pressure chronic nephritis 

The cutaneous lesions may somebmes resemble and must be distinguished from 
those produced by the cercariae of certain Scktstosemes The creeping eruption of 
i4«cy/oj/o»io bra itunse is usually recognizable by the elevated tortuous character of 
the tunnels in the skin It may however resemble the lesions produced by invasion 
of the skin by larvae of warble fliesof the genusCarlrro^Ai/ur Diagnosis cf the latter 
affection may be made by extracung the larvae of the tly by massaging the skin lesioa 
with oil or bj removing it with a needle and examining it under the microscope and 
recognizing the black transverse band&of the skin and body segments of the fly larvae 

In the Western Hemisphere creeping eruption due to Cur/cre^Ai/us frequently 
occurs in the same regions in which J bra ilientt is encountered (Faust 1940) 

Laboratory Diagnosis — ^The diagnosis can usually be made by finding 
hooLnorm ova jn the faeces u$uatl> b> simple microscopical evaminatwn 
of films without concentration of the faeces 


However Hsu and Chow (*939) who performed a series of autopsies m China 
found hookworms in 117 Of these stool etaminaboss had been performed on 69 
during life and in 440! them no eggs were found In ra of the 3$ negatives onlymah 
worms were found This report erapbasttes the care that must be taken in the disg 
nosis of many cases 

The eggs are oval and thin shelled with a wide clear glassy zone separating the 
more or less segmented granular central portion from the shell If numerous they 
can be found easily in ordinary fresh smear preparations by examination with the low 
power If the infections are very light concentration methods nay be required to 
find the ova For this purpose Barber s technique is useful On a shde emulsify a wt 
of faeces in equal parts of glycerin and saturated salt solution The ova rise to the 
surface and can be recoonized easily with a inch objective A larger itnouat cl 
faeces may be emulsified m this mature and centrifugalized Put a wisp of cotton 
on the surface of the fluid Pour on the cotton three or four drops of melted agar 
Remove the disc of agar with the cotton and evainine on a slide for entangled eggs 

Pepper and independently Lane recommended the following lentalicn melM 
The concentrated sediment of a ceotnfugalued specimen is transferred to a glass slide 
mixed with i cc of water and allowed to stand s minutes until the ova settle on the 
slide The slide (kept in a ftorizontaf position) is then immersed in water and gentv 
manipulated until all coarse matter has floated free The hookworm ova stick firmly 
to the slide (other ova do not) Lane reports that this gives about a tenfold concen 
tration of ova 

SMI s method of coualing oia m the faeces w much used in estimating the heaviness 
of an infection and in checking the results of treatment \\ eigh out accurately S 
of faeces and add enough N/io NaOH to bnog the volume to 75 cc Wake a 
suspension by shaking vigorousfyat feast one minute with glass beads IVith a suitable 
pipette remove immediately exactly o 15 cc put on a t by 4 inch slide and rover with 

a s? by 1 1 rnm cover slip Using a mechanical stage count all the ova in the prepsra 

tion Multiply by too to get the number of ova per gram of faeces This procedure 


IS fairly satisfactory if ova are nomerous but fails entirely if they are sparse 

Lane s D C F {direct centrifugal fiotation ) method (rgaS) is regarded by many as 
the most effiaent This requites (i) special centrifuge tubes with flat bottom ana 
ground off top (2) rp mm square rover sbps 05 mm thick and (j) special carriers 
with guards to keep the cover si p from sbppug out of position These are relatively 
inexpensive and can be used with any centnfuge Fracture (i) 'Measure exactly i cc 
of faeces (either with Lane s speaal copper bucket or by displacement of water in the 
(graduated) centnfuge tube) and put m the centrifuge tube (2) Nearly fill the tube 
with water stopper and with the stopper down shake vigorously against the stopp 
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soils *nd the defecation habits of the people are the controlling factors in maintaining 
hooknorm infecuon at a low level of intensity 

In connection with soil transmission it ts interesting to note that in the Transvaal 
where in many localities Ancylostonuasu ts csceedingly prevalent u u only found in 
alkaline mines and not m the aad ones 

Tbkatuent 

In the treatment of the disease it should be recalled that the hook 
worms take blood and so iron from those who harbor them and this is 
the first step in the produttion of hookworm anaemia 'I hi loss of blood 
and iron may be overcome through the body supplying the blood making 
marrow with iron from the food or from that stored in the body and this 
IS the second step in the procc s However when this loss of blood has 
gone so far that it can no longer be compensated in this way and in spite 
of this proce s serious anaemia is present by prescribing iron for the 
patient the anaemia maj siiH be reduced even though the hookworms 
may remain present Rhoads Castle Payne and Lamson greatly reduced 
the anaemia in bookworm cases b> adding iron and bver to the diet 
However m many of the cases w«h severe infection if not all thebaemo 
globm will either not return to normal or remain at normal unless the 
parasites have been first eapelled 

lienee in the proper treatment of hookworm anaemia as m hookworm 
infection the first step should be the etpuUion of the worms by treatment 
Only in a very few cases with advanced anaemia who are so ill that it 
may be regarded as unsafe to administer an anthelminthic should iron be 
supplied hrst 

Aathelminthict — Th« drugs wlucb bsv« been used ai»it txteasively and especially 
recommended for treatment of hookworm infection are (1) thymol (2) beunaphtbol 
(3I oil of chenopod um (4) catbon tettachlonde ($) tetracblorethylene and (6) beryl 
resorcinol 

TAy lol baa been employed for cnaQy years and isaliU recommended by a number of 
physicians notably by Clayton Lane (1032) Tbe dosage recommended tor an adult 
man is 60 grains (4 grra > 3 d ses of 20 gr each in r ce paper cachets for an adult 
woman 43 grams and 20 grams in pregnancy It should be gi en on an empty stomach 
and not g ven more than once a week In advanced helm nth sis with great debibly 
It must be used with great caulton For children under s years the dose recommended 
IS 8 gra ns (o 51 grra > I com s-io years $ grams ( 57 grro ) At Umes the drug 
produces unpleasant forms of intoxicat on It is deGcutely contraindicated it gastritis 
dysentery nephntis and acUve heart disease enst 

Btlj o#Al*ot has been recommeoded 10 doses of 5- o grains (o 2-0 65 grm) In 
larger doses it escrcises an irritant action on the kidneys and may give use to acute 
inS mm tion Serious sequelae and even death have followed its use 

Oil / <4 MfoJt nv ms found by Dashng and h associitts (.iqaol to be mott 
elEe ent in treatme t than thymol However oil of eben pod um is quite toxic and 
IS now not recommended e cept wbeii gi cn 11 e njunction with carbon tetrachloride 
or tettachlorelhylene for mixed infectioiis of As r and hookworm The maximum 
tolerated dose of oil of chenopodium la 3 cc I r adults and 3 minims per year of age 
for children However the maximum therapeutic d s of the drug at Umes approaches 
the minimum lethal dose Us use ts cont aindicated in nepl nUs organic heart disease, 
diseases of the li et r spiratocy infectM a and pregnancy Deaths tnay occur unex 
pecledly especially in children from oil of chenopodium (see Trealmeot of Ascans 
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Uslics give the mortalitv as from less than one haH of t per cent to figures 
approximating 7 per cent 


PnopavLAXis 

The first measure is to diagnose infections in all ca«es and to insist 
upon the treatment of such persons The proper disposal of the faeal 
material from hooknorm patients is the objective point in ptophjlans 
Faecal contamination of the soil and water must therefore be prevented 

The ttsc some type piopejly twislmctefl pnvy is essenVut as there » titpVhvti 
more favorable to the development of the hoot«otm larvae from eggs to the infective 
stage than the practi e of defecating on the ground where conditions of potoui sandy 
soil shade and moisture exist Later on such a spot teems with infecting Urvse and 
the per'on stepping there with bare feet is almost sure to become infected For this 
reason the nearing of shoes is an important prophylactic measure At the same I ire 
shoes ate not a sure protection as Ashford has noted infections in soldiers who note 
good shoes and infection may occur through the mouth from contaminated food or 
water The faecal material should he buried not less than yeo feet from the water 
supply and down hiU from the same The U l method 1 to use some septic tanh 
process as the anaerobic processes of fermentation destroy the eggs 

The Chinese method of storing night soil for months in large cemented water tight 
pits IS favorable for destruction of the larvae since under such conditions with httle 
an the larvae soon die Itow ever « is important that there should he no iniswiS 
fresh faeces w uh earth The water sup( Iv must be carefully guarded from all po sihle 
sources of faecal contamination Dtinlcing water unless above suspicion should he 
boiled or filtered 

Hookwonn disease lends to disappear in tov n$ or cities where there is an efficient 
sewage eystem The disea e is one of the most conspicuous etamples of soil pollution 
disease Some authors (hinL. Afftyhsloma more diffcuU to expel than Aeco or 
Seolt (rpj?) in Egypt found rbat over most of the country about half oJ the Ntal 
people are infected alibougb (his j roportmn vanes in diCerent villages going as high 
as po pet cent in some instance However in certain districts especially to the north 
of the delta le a than so per cent aee infected 

In connection with the epidemiology of the disease in Egypt the intensity of mfee 
tion by egg counts as compared with the i>ercentage prevalence is everywhere very 
low as compared with most ccnKitnes where the prevalence is eQuaWy high 

The acquisition of the infection was markedly associated with field work The 
rate of acqui ition of hookworm infection was independent of the types of crops grown 
in various districts or of the dificrent methods of irrigation in use It bile soil polution 
was found to be very common throughout and immediately surrounding Egypt's^ 
villages out of hundreds of specimens of soil from the e loeahues no hookworm litvse 
were isolated This failure of development was erplamtd bv the excessive dryness 
of the soils the hard packed nature of the surface and the fact that most village soi s 
inhibit the development ot larvae even in cultures where the physical factors are bed 
neat their optimum values This inbibitioD was tentatively attributed to the pre foc* 
of excess chlortds or any as ocialed factor Fine clay soils do not commonly serve 
as good media for developing bookwomi larvae Even with irrigation the moisture 
contained frequently falls fairly low on the surface and under such conditions the hot 
sun may kill many larvae 

Scott emphasues that tb re is no evidence of any facton tending to miintam foe 
mlensity of human infestation in Egypt at the observed low level oth r than the inflJ 
ence of the low soil infestation loten ity It appeared that in lands under basin irnga 
tion much of the hookworm infection was probably acquired outing the season of rising 
flood water Defecation in the fields was generally found to be scattered and therefore 
the nsk of acquiring heavy infections at any one lime were minimized It would 
appear then that m Egypt the chmate the jdiysKal and economic conditions of tne 
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even tbough it be effective I! the lafcction has not been entirely el ninated treat 
ment may be repeated after one 'aeek 

Hei^Irejofcinoi 3 dihjiitoiv 4 tw>\beii2ol) anotheT anthelTOtnlic 
recently has been recommended and it » a less toxic drug than carbon 
tetrachloride It is a white wai> crystalline substance sparingly soluble 
m water but exceedingly so in alcohol or vegetable oils It was intro 
duced as an anthelminthic by Lamson Ward and Brown It is now 
prescribed in hard gelatine capsules or crystoids It is said that the drug 
has generally about a 75 per cent elRcieacy for hookworm and that it is 
non toxic when administered according to the instructions and is a par 
ticularly valuable drug for use in patients who are critically ill with the 
disease or where other drugs are contraindicated since the treatment 
may be repeated at 3 day intervals 

Lamson recommends insistence upon the (oUowing directions the light evening meal 
should consist q! soft foods only and the following morning the drug should be given 
on an empty stomach The geUtin covering «i the ctystoids should not be broken by 
the teeth smce this msy cause irritation from the oil to the buccal or oesephagtsl 
tissues To avoid this the crystoids tnust be snallooed whole nith a glass of water 
The dosage (or adults and children over ss years of age is s pilb lot children of S to 
isyemofage spills (or 6 to S yean spiUs under 6 years a piUs The pills contain 
0 s gtm (3 gr ) each and the indicated number should be taken in one <1 se with the 
glass of water No food of any kind should be taken f at least a hours after treat 
ment \\8tet may be taken freely but alcohol is debnitely conlraind cated 

After 4 or 5 hours following treatm nt the patient may do as he desires and pursue 
his usual occupations 

A saline purge should be pven >4 hours after ireatiarnt The patient may cem 
tinue to pass worms for as long as i« days or 2 weeks tfter this si gle d se If the 
instructions regarding food ate carefully followed one d se u osually suftiMent 

Faust states that >n children harboring a ibousand or more worms the infection 
may be reduced below clinical grade in 3 courses of t eatmetit 

Treatment of the Anaemia — ^The iwo factors — (i) chronic loss uf 
blood and (2) deficiency of blood building materials— -undoubtedly in 
time induce a hypoplasia or even an aplasia of the marrow anil when 
this IS well established the mere removal of the worms will not cure the 
anaemia 

For treatment then first lemo e the worms and administer large doses of iron 
Insure a well balanced diet contain g meat pratcin hpoids and vitamins Li er 
nay be included with adva tage As to the iron Ferns reducU u III uds pills 
ffetrous carbonat or iron amiDonium citrate) by mouth 0 mtramu cular injections 
are both satisfactory Wills (1936) and Melency (1940) recommenl the solibtc 
ferrous salts as be ng most eff ctive fferronssulphatcs) in d sageof 2 itgninsdaly 
Others recommend 20 gra ns Whippleand hisasaociates ( otb) ntbegravea emia 
of dogs found that iron gi en 1 travc oody vnU be pract lly completely uliUred 
and returned as h emoglobin wheairoogl enbym uthd esn tr suKi suchpropor 
tional haemoglobin prod elion'-in fact tn nly 33 per c t He found no diSerenc 
in the ferrous and fe tic .alls Wilts bowcvci thinks 1 ject oos of iron haaardous 
because the therapeut c dose is tl se to the t nc dos O ce Ih an eraia is induced 
and the iron reserves depleted this state will co unu f the normal gastric juice is 
lacking Hydrochloric cid is then indi ated 

Heath (1936) emphas res the importance also of no mal intestinal absorption for 
Ihepreve ton oft aem a In chro icdi nboe (r m whatever caus iron deficiency 
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p j3jS) SrmUiebtlitvtsUissaleitopveoscc toachild»nalablespoon 5 ulolcastor 
oil 

Carbon Itlrachloride (CCI4) (tetraform) a drug closely allied fo chloroform was 
first introduced by Hall in ipai for baman use as a vermifuge It has since 
been emplo>ed for the treatment of handrcd of thousands of hookworm cases with 
success The drug has a high degree of efficiency and IS usually well tolerated Its 
adminstration 1 contraindicated in cirrhosis of the hver in those with deficiency of 
blood calcium alcoholism respiratory infections and nephritis Mso it is inaditsable 
togiveitin the presence of dream unless accompanied by oil of chenopodium (ici 11 
may remain and obstruct the intestine The recommended dosage is 30-40 minims 
cc ) for adults and 1 nutums (o 15 cc ) pet year of age for children Thi drug on 
account of Its ready availability cheap price and general efficacy is still being widely 
employed Ifowever it has occasionally caused death Smilhe (1939) is among those 
who have reported deaths following its administration Other recent deaths have been 
reported by several other clinicians 

TefracJiIorelhylene (CaCl«) has been more recently introduced as a 
specific for hookworm by Hall and ShiUinger 101925 This drug is said 
to be free from most, if not all of the toxic properties of carbon tetra 
chloride and there are records of its having been used m hundreds of 
thousands of cases without an) more unfavorable effects than shsbt 
nausea and dizziness and a transient burning sensation in the pit of the 
stomach Lambert in the South Sea Islands has treated over 20000 
cases with no reports of deaths The recommended dosage is the same 
as that for catbon Utrachlonde 3 cc for an adult and 3 minims pet jear 
of age for children Faust (1940) states that tetrachlorethylene is prob 
ablj the drug of choice in the average hookworm case either m the hos 
pital or in the clinic 

Hart and Dutta (1939), in a comparative stud> of oil of chenopodium 
and tetrachlorethjlene as anthelminthics found that tetrachloreth>leDe 
m a dose of 4 cc cured to times higher percentages than did oil of cheno 
podium of guaranteed BP strength in a dose of minims They regard 
the former as the better drug for all reasons Oil of chenopodium was 
given in ■’o minim doses to 17 cases None were cured In jo mioini 
doses it was given to 84 48 per cent were cured Tetrachloreth}lene 
4 cc was given to 87 cases 48 3 per cent were cured 

In administering the anthelminthics discussed above purgation of the patient should 
be obtained the night before pieleiaWy by the use of 30 gms of sodium sulphate in a 
half glass of water This purgative is recommended as being less tone than mag 
nesium sulphate if absorbed by the intestinal wall and in addition dissolves mucus 
surrounding the heads of the parasites as well as decreases the absorption of carbon 
tetrachloride In no ca e should oil for purgation be admini lered 

Ici the morning the patient should remain in. bed abstain from food and only 
coffee tea or water be permitted TTie prescribed drug to the amount indicated 
should then be taken 

Oil of chenopodium carbon tetrachloride and tetrachlorethvlene may be admmis 
tered in gelatin capsules or in a spoon miced with sugar 

Two hours after administration of the drug a saline purgative should be admini 
tered and food alio ved only alter the bo els have moved freely The faeces should 
be eramined after 3 days to estimate what percentage of the worms ha e been e pelled 
It should be noted that vvhile dead hookworms are apt to be found in the first stool 
passed the para ites may continue to appear for mote than 3 days after treatment 
Eggs of the parasite may remain in the intestine for at least a week after treatment 
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even tbougb It be eSertive It the uvfection has not be n etitirtly cliimnated treat 
ment may be tepetted after one week 

Ilexylresorcutoi (1 3 dih^dTOt> 4he^lben2oV^ anolhei anthelmintic 
recentlj has been recommended and it 1 a less toxic drug than carbon 
tetrachloride It is a white waTV ciystalline substance sparingly soluble 
in water but exceedingly so m alcohol or vegetable oils It was intro- 
duced as an anthelminthic by Lamson IVard and Brown It is now 
prescribed in hard gelatine capsules or crystoids It is said that the drug 
has generally about 175 pet cent efBciency for hookworm and that it is 
non tone when administered according to the instructions and is a par 
ticularlv valuable drug for use m patients who are critically ill with the 
disease or where other drugs are contraindicated since the treatment 
may be repeated at 3 day intervals 

LamsonrecommendsiosisteDceupontheloUowingdirectiODs tbeUghte enmgmeal 
should eonsijt of soft foods only tnd the foUowuig morning the drug should be gi eo 
on «Q empty stomach The geUUn co enng of the crytto ds should not be broken by 
the teeth si «e this may cause imtattoo from the oil to the buccal or ocsopbageal 
tissues To a\oid this the crystoids must be swallowed whole 1 ith a glass of water 
The dosage foe adults and cluldten over u years of age is $ pills for children of 8 to 
ityearsofage apilh fordtoSyears jpiUs uoderdyears 2 piUs The pills contain 
0 r gem {3 gr } each and the indicated Dumber should be taken m one dose w th the 
glass of water \o food cf aoy kind should be taken for at least 4 hours after treat 
ment M ater may t e taken freely b t alcohol is definitely contraind cated 

Alter 4 or 5 hours follow uig tr atment tbe patient may do as be desires and pursue 
his usual occupations 

A sal ne purge should be gi en 24 hours after treatment Tbe patie t m y eon 
iinue to pass worms for as loag as lo days or 2 weeks alter this sin le dose If the 
instruct oni r<gar6ng food are carefully folio ed one dose is u u Uy sufheient 

Faust states that in children harboring a tbousa d or more worms the infect n 
may be reduced below clin cal grade 10 3 courses of treatment 

Treatment of the Anaemia— The two factors — (i) chronic loss of 
blood and (a) deficiency of blood budding materials — undoubtedly in 
time induce a hypoplasia or even an aplasia of the marrow and when 
this i well established the mere removal of the worms will not cure the 
anaemia 

For treatment then first remosc the wonus tnd admi ister large doses of iron 
Insure a well b lanced diet containipg meat protein bpoids and vitamins Li er 
may be included with advantage As to the iron Ferrs reducti n Blauda plls 
(ferrous carbonate or iron ammonium citrate) by mouth 0 int muscular injections 
are both satisfactory Atills (1956) and Melen y ( 940} recommend the ^luble 
ferrous salts as being most effective (ferrous sotphatea) u> dosage of 5 gra n daily 
Others recommend 20 g ains t\ hippie and his aasoci tes ( gjO) in the grave a aeniia 
of dogs found that Hon given mtravtMnnly -wdl be piatlicaWv c mplrtely utiiued 
a dreturnedash emoglobin wheotroogisc bymouth do s not result in such prepor 
t nal baemoglob n production — us fact m only 33 pe cent lie found no difference 
in the ferrous and feme salts Vtills however thuika injectio of iron haaardois 
b cause the theraj eutic dose is close to the t xic d se O ce the naemia is induced 
a d the it n reset es depleted thia state will co tmu if the norma! ga tnc ju ce is 
lacking Hydrochloric acid is then indK ted 

Heath ( 936) emphasizes the import Dce bo of n mat i teslinal ab^rpt on for 
the prevent on cf an *mia In chiooicd arrboca from whatever cause iron d ficiency 
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bno'iTn Ks citcping eruption or t&rvn mtgiana (common in Flornls and oilier 
southern states as nell as m the other regions mentioned and already discussed p i >64 
and also m Chap L} It is the smallest of the species of Ancitosloma (the male 
not abo\e 8 $ mm m length the female 10 mm) and can be distinguished by the rela 
lively much smaller inner pair of ventral teeth and by the shape of the dorsal ity of the 
caudal bursa rvbicb is deeply cleft and each division again bifurcated Figure 984 
illustrates the lesions of the small intestine and the invasion of the submucosa by 
ditcilojloma trarifiMJe in a nati e in Java In this instance reported by Bonne the 
invasion resulted m peritonitis and death Bonne ( 941) subsequently has described 
g other cases In the last s of these lufecUon of the intestinal wall was observed at 
autopsy IQ Batavia m which the mvadin speaes was 4nc)lestoma duodenali \ecalor 
omertcanus the most common hook worm in Java does not show this invasive power 

A e^foiloma caxinum (Ercolani 1859) the dog hook orm This species u common 
in dogs and cats part cularly in the northern henusphere It has been reported once 
as a par site of man in the Phihppine Islands (Manalang 1915) The male has an 
average length of 10 mm the female 14 mm It has a wide bucc I capsule to accom 
modate the 3 pairs of entral teeth a d agnostic character of the species The eggs 
are similar to 1 dii«f(R U but a c si ghtly larger 6$ X 4 t microns This parasite 
has been used etperim ntally m the study oi the action of hookworms 

A oleiiofflu mgfa^a umisanursin species which has been found in India and the 
Alalay States and has been reported once from mao {Vorkr and hlaplestonr prh) 
It resembles A iuaitnaU and its eggs are indistinguishable from it lu chief d s 
tinguishing point is its larger sue the males being ir'i$ mm and Che females 15-19 rom 

STPONC\LID\C 

rernidens demiKMiuj (TrisJe uffttatitm ii/ut) is a small round worm about the 
sue of a hookworm The terminal buccal capsul is surrounded by a crown of leaflets 
while at tie ba e at« 3 forked teeth guard ng tie entrance to the oesophagus The 
vaginal orifice u near the posterior lip The ova resembte bookworm ova but are 
larger go by Soit more segmented and have broadly round d poles and are somewhat 
flattened on one s de The parasite occurs 10 several monkeys and has been found not 
uncommonly in man in South Africa (Sandground 193 Blackie 1931} Sandground 
found the parasite first in the United States in the faeces of a m ssionary from Africa 
who had been tr ted lor hookworm i fetlion previously The parasite has also been 
encountered in East Africa In parts of Southern Rhodesia Sandground found 6j pet 
cent of the nati es infected Ue found that the infective thud stage larva is semi 
thihd told m type resembling that of Oaefkagositmtim and is not infective by the 
skin route This parasite inhabits the wall of the Urge bowel where it may produce 
cystic nodules Carbon tetrachloride and tetiaehlorethylene have been reported as 
moderately effective in evacuating the mature parasites 

Oesaphagoshmum itpteslomu n (WiUath 1891 ) — 0 brumpU — This nematode was 
first noted by the writer in monkeys {ilaettat ph I ppi tniu) m the Philippines in 1900 
and also occurs m other species of mo keys in China and m Afric especially northern 
N getia and Central Africa Inle gib it resembles roughly a hookworm but ssome 
what smaller In b th se es there is an ovoid eap nsion of the cuticle at the a tenor 
end which is limited in front by a sabent oral nng and posterio )y by a constiiction 
which IS especially raarked on the ventral surfa e soon distant from the oral estibule 
this in turn is provided w th a crown of ii sharp chitin us plates directed forward and 
inwards. The male is 8~io mm ui fcngth by 03s mm in b eadth the copuUtory 
bursa has a dorsal ray which bifu cates into two branches form g a horse shoe shaped 
structure each limb gives off short Utera) bora near its base The female is 10 mm in 
length by o 335 mm jn breadth rosleno )y t rminatjng in a sharp point the vulva 
IS s luat d in the anten t hall of the body The e gs are p sed in an advanced stage 
of development and measure 6011 in Ungth by 40(t 1 breadth and closely resemble 
those of Ancylosi ma The life eycU of th s wo in is probably as follows the larvae 
(filariform stage) ate swallowed and pass undigested through the stem ch and small 
intestine and on arrival in the caecum exsbeath and invade the wall of the tesUne 
where they cause nodule (oimation The kfe cycle however has not been completely 
worked out for this particular speaes of Oesopbagostomum 
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The infection has been encountered in human beings particularh in 
northern Nigeria where it was reported in about 4 per cent of the prisoners 
m the jails (Leiper) Brumpt also reported a case on the River Orao in 
Africa 

The symptoms arc produced by tlit larial forms becoming encjstd 
in the muscularis and submucosa usually in the large intestine Gradu 
ally the parasites dev clop and at the lime of maturity the cy st is ruptured 
and the nematodes escape into the lumen of the intestine 1 he ruptured 
cysts are then likely to become invaded by intestinal bacteria which maj 
give rise to inHammatory processes resulting in ulcerations peritonitis 
and ev en perforations 



Fic aSj F:o 2S6 

Pio aii—Ttr idtnt d<PtiniiHt Head »h««ine mouth enpiule surrounded by » 

cronn of leaflets (After Leiper from Mcose ) 

Fic aS6 —OrropAasoj/ormi" Head show ng erovn » Ih I ad it at the etittanee 
of the mouth capsule Note bladder like th cken ng of tho cuticle around the anten r 
extremity (After Ra llet and Henry from Mense ) 

A closely related specie O sliphtnottomuM (1 ailliet and Henry 1909) uM d's 
covered by loy in a West \fncan native In general characteti tics it resembles 

0 apiostaiiiim but Us measurements (or both sexca are nearly double that sue Itsiso 

has a corona radiata provided with 38 leafliLe spines (var Thomasi) lo l^e case 
rerocted by Thomas m \masonia in 1910 he stated there was no doubt that the patient 
died from septic peritonitis due to the lesions caused bv the nematodes It has also 
been found by Joyeaus in I rench Guinea and by Johnson (1933) ‘u northern Ni erii 

If the infection IS severe the parasites may give nse to dysenteric symptoms 

Sytjamdr hryigeiit (! aiJIiel 1899) (S flinji Leiper 1913) (5 cyalhostoma of 

St John Simmons and Gardner 1929) — \ few cases of human infection with Syngamus 

have been reported the first an Irish v Oman at Santa Lucia W est Indies in \ hose 
sputum a I air of the v orms v ere recovered by Leiper (1913) T\ 0 ca es have been 
reported by Tr-ivassos (19J1) and lent and Pena (1939) from Brazil i from the 

1 hilippines by St John (igro) i from Tnnidad and » from Puerto Rico Hoffmann 
(1932) All of the e infections were api urently accidental with the parasite S fJO” 
geus of the bovine species which parasitizes the upper respiratory tract of cattle water 
buffaloes and goats in the Orient 1 uerto Rico and South America Buckl y how 
ever believes that I eiper s spe imens shouM be recorded as 5 waiiccifu of which goats 
are the usual host Very little is known of the life cj^le though BueVlej (i93l) 
believes that an intermediate host is required The worms m the trachea produce 
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irritative sycaptoms usually accompanted hy hemoptosis and at times asthma Dis 
charge ot the parasites m the sputinn after violeat attacks of cou hing or recovery of 
the eggs in the sputum provide means of d agnosis Treatment in man has not been 
studied Infection is probably acquired through isfected uncooltcd food or by con 
tamioated water Other speeies of the genus have also been found in the upper respira 
tory tract of birds 

llerphnioiy — In the mammalian species the thick walls and buccal capsule is directed 
antenad and is armed in its inner base irith 8 subequal teeth ft is provided with a 
thick muscular wall down to its junction with the oesophagus Immediately around 
the oral opening there is a th ck cuUcuUr annulus around which there are a pair of broad 
dorsal and ventral petal like Ups and a pair each of dorsal lateral and sentral late al Ups 
The male worm is eo side ably smaller than the fern le and ii permanently jo ned in 
copula with her In the mammalian speci s the eggs are ovoidal and uncapped but 
n the avian species th eggs are provided with polar caps 

TRICHBOSTBOtCYLIbAC 

Tntk lira gjiut eel 4 formt Odes 1891 (Slrangyfur loWiI j) i» normally a j ras te 
0! sheep and goats It re'embles the bookwortn in its Ufe cycle Anteriorly it tapers 
to 4 pointed head end which i only one tenth the thickness of the posterior extremity 
Th mouth IS un med Ihe male (4 mot long) has > promment equal spimles The 
females (d mm long) greatly outnumber the males The vulva is in the poster or 
quarter of the body The ova (41 by 70 to pen) Ksembles bookworm ova but tre mere 
tra slucent and segmestauon is much more advanced when passed The parasite has 
been found frequ ntly in man (in the small intestine) in Jspan India Egypt and 
Central Africa and has been reported 10 man 10 Hawaii by Hall Chandler found the 
pa asite in n per cent of the cases txamned in Assam It may be anticipated in 
the United States suiee sheep here trc infected Tbe infection is usually symptomless 
although It IS report d chat heavy infections may cause severe secondary anaemia 
One ease of human infection in the United States bas been eported n Louisiana by 
Scbenken and Moss ( 938) in which b wevet the diagnosis was made ft m the single 
male parasite which was found in the noemal appendix r moved Cnte »4iui was also 
present 

The infecii n occurs by the dlanfotoi larva that develops from the rhabditif m 
larvae which hatch from ggs m the soit These enter the body b> way of the mouth 
Theaduttp rastesli e w ih their beads embedded us tie intestinal mucosa fthesmall 
intestine The diagnosis may be made by te ovenng the chara ten tic eggs in the 
faeces >1 rson Bahr reports that these worms tin be expelled by treatment with 
carbon tetrachloride 

llatme hu ttf'ifmlHi (Rudolphi 1803) —'Th s isa very commsn mte Imal parasite 
of sheep but at least seieral cases base been repotted for man in BraxUandy m natives 
in AustraUa Alai arc about two thirds inch long (1$ mm } and females bout i 
inchfong (15 mm ) Theanterior end shows at olh like pap Uae direct ddorsad The 
adult worms are d stmguished by the si gle curved lancet (blood booklet) in (he depth 
of the small buccal cavity Ins^eptheinfect nprolucesa sen is manifeslat on w th 
m ked anaem a and emaciation The ova passed in the faeces are erv difficult to 
diferentiate from those of other StrongyUte worms and an accurate di gnosis can be 
made nly alter recovery of the adult worm following an antbelmi thic treatment or 
autopsy laust ( 940) states that carbon tetracUonde 1 not eUective n t lerated 
d ses and tetracblorelbylene mu t be ndm n ste ed r pe tedly in large dos s to p oduce 
g d res Its Infect on occurs through the ingest on of vegetation pen which the 
tb rd stage infective larvae have ctawM 

UETASTKONG\UD AS 

3frlo<( encif s p [_ 3 {<ltul CKcyfat l« fat t Dujardin 184O {SI 0 ]\lus p 1 
GmeUn 790) — This nematode is a common parasite of hog occurn g in the bron hi 
and causing a bronchitis which may be laul 111 y ung animals It has been reported 
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Tlie mite is ibooi i inch (as mia ) long mtl) s long spicules Tbe temile is ibool 
a inches long and has a sharply hooked posttnor estremity with the vulva just bejend 
the bend The mouth has a bps eaeh ntthg lobes The eggs contain eiabryos when 
laid It probably does not require an lateraediste host 


DIOCTOPHVMOIDEA 

Large worms characterued by males having a closed bell-shaped caudal bom mih 
out Mjs Mouth hnagonal nilh 6 to iS papillae Oesophagus very long witboat 
bulb Family DioctornYumsE 

DiocJoplijm* rtnale {Fnsifontiltis gijar) the kidney srorm c{ the dog tnay ntdl 
attack man About 9 authentic cases have been reported la many of the reported 
cases fibrinous clots from the ureters or wandering round worms were matalea fortliu 
parasite It is usually found jn the pelvis of the kidney One or more of the wonns 
maysodiscendthekidneyastocoavertitiRtoamercsbell Pam haemaHma logetfcti 
uUh the finding a( the eggs in theanne dctcnmne the diagnosis The parasites tnay 
produce acute uraemic poisoning Surgical removal of the norms and tppropruU 
treatment of the damaged kidney ate the only known therapeutic procedures 

eggs are 40 by 63,1 bronoish jeUow ellipsoidal with a thick shell marked by pitted 

depressions Mcept at the poles It is the largest of the parasitic round worms atuu'u'l 
a length of 3 feet and the thickness of a coan a finger and has been called the gisii^ 
stfoRgyle The male la about 10 inches long 

The collar bke eepulatory bursa of the male distinguishes tt from Astert! as does 
the dark red color Infeetioo is probably acquired by eating raw fUb 
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STRONGYLOIDIASIS 

aad Miaor Helnuat&2c iDfecUoas 

Infection ivjtJi Strengxloties slercoraUs of the superfamily Rhaih 
asoidea The superfamily is charactemed bj having two heterogenftic 
generations one of freehvm^^ rhabdttsform malo and females ard 
one of parasitic, fyanform females Fanulj STEOBrcvtOiDitXE Genus 
St/'aKgil<i!<ies grasst, 181)7 

StrongyJoides stercoralis, Bavaj, XS76 — ^This parasite is e pecially 
common in Cochin China and Brazil, but is widely distributed m tropica) 
and semi tropical regions and is fairly common in the southern United 
Slates It IS occasionally encountered in temperate regions 

lluMy —TJe wijlw delected la id#/ aad npatlcA la B^Uiave ft tic 
Hopkins MedicaJ Societv the first caw encountered tn North Amenc* Ttajer 
also reported j casej two of uFtich apparently ongmated in the southern Unit d'utes. 
The parasite H as first found by Norman (1876) n the faeces of French co’oniilttoapi 
sufltriftg with what was known as Cochin China diarrhoea Savay at Nonnaa' 
suggestion undertook a careful study of these cases and naoed the parasite fouso m 
the faeces Angutllula tlerccralit live of the cases resulted fata))y and at •ulopij’ 
mnute neiBAt^ti ol * sprites apptrMllydtfffnm from those found in the faeces 
discovered in the waif of the ilejm and w the bilary and pancreatic ducts The fenn 
found in the intesdae was named by Savay Anfuiilult iBfeitiso/it to dttunguisJi i( 
from the form found in the stools (AnfutUuhi Heteorahs) 

Roux and Laveran discuss ng the sole played by ylnfai/fufa stertorefii in Cochin 
China diarrhoea concluded it was probably the cause of the disease 

Studies by Grassi (1879) Perronciio (iSSo) and particularly Leuckarl 
deiacnstrated that the Itro lams ot the parasite naaed inemMa inltriumlu and A 
sUreeralis constituted only different stages in the bfe ejeJe of a single parasite the ov>* 
being heterogenetic sod basing both a parasilK aad a free fiviog generation 
was shown (hat there nere two types of life cycle one with a direct development toe 
other with an indirect heterogenetic on Li^ienstein (1899) favored the ‘'i'“ ^ 
there were t«o distinct strains the direct ore developing in temperate cones and toe 
indirect one in the tropvs Lvidence in favor of this view was brought w 1897 hy 
the writer and by Thayer (ipojy and by the wr/term the PtuJip^esM jpoo 

In 1897 in Dalliinore and in 1900 in the rhilippioes the writer demonstrated by VW 

study of stained sections of the small mtcstine that the adult parasitic females hv 
in the intestinal wall where they gave rise to a catarrhal inflammation with desQuaffl* 
tion and m many places atrophy of the epithelial cells and sometimes with en iBcress* 
of eosinophiles in the tissues ffhe eggs containuig larval lorms were laid iii themuco^ 
and when hatched the larval forms passed into the lumen of the bowel Later \skana*y 
fjpoo) w the study ot fresh specrtoejia confirmed (he /act that the adult parasite 
live in the intestinal wall and still taler detnousttated Ihw in preserved sections 

In severe infections the lesions 0/ the intestines were regarded by t!*« 
writer as the cause of the diarrhoeal attacks, partly produced by the 
mechanical action of the parasites and the products ol their metaboha® 
Follo'mg discovery of the life cycle of the hookvvottn, Looss 
(1899-1905), FuUeborn (1914) and others showed that the m/echve 
sayB 
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stage larvae of Strongylotdts also might eater the body b> way of the 
skin, passing through the blood stream to the | 
lungs entenng the air sacs ascending the re 
spiratory tract to the epiglottis and then after I 
being swallowed on arriving in the mtestinal | 
tract develop into the parasitic generation 

In the study of the life history ol the parasite outside 
theiitestme te thefreelivinggenerabonoftheindirect 
type both adult males and females were found How 
ever up to gyi in the parasitic generation only fern les 
had been obser ed which led to the generally accepted 
op nion that the parasit c females were parthenogenetic 
But m eg 6 Sandground reported the presence of sperma 
tozoa m parasitic females of SI ongyl 4 $ an and 
suggested that syngamy existed in the genus SlrongylauUs 
Kreis in rg33 next reported the presence of rbabditoid 
parasitic males in the faeces oi man as well as of a dog 
experimentally infected with 5 sler oral s Late these 
edulc males were reported as rare tn the intestine but 
mere frequent in the lungs Faust ( 933) conhnoed th 
discovery of males ui experiment fly nfected dop and 
has reported upon the de elopmeni and differentiation of 
the two sexee of the parasitic ge eralion from the time 
they enter the skin or buccal mucosa until they bee me 
nature in the intestinal tr ct BlacklocL 193S points 
out that It ts very difficult to distingu b the adult 
para itie male from the free h i g male form 

Oeographieal D stribution and loeideDce — The pa 
asite seems primarily adapted to warm climates but is 
reported f om t me to time sporad cally in temperate 
0 es It is common m the Far Fast as in Coetun Ch na 
and the Phihppmes in the Western Hemisphere it has 
beenrepo tedascommoninBra ilfSaorauIo Atoaeonia) 
tn Panama (23 per cent) and Colomb a (16 pet cent) and 
Puerto Rico (35 per cent) Witktsfonnd an incidence of 
20 per cent in Ce rgia andWoodirf 5 per cent in Missis 
sippi In other parts f the soothe n United State 
ILaman ( 938) fo nd it vaned fr m less than percent 
t approximately 5 pet cent Faust ( 934) in hospit 1 
cases 1 New Orleans found a 4 per cent 1 cidence 
Hmman also found the mcid nee in an ustitutun in 
Lou lana to be 4 8 per cent nhileC bl (i936)(ou d 7 
per cent of infection am ng students m Kent cky It is 
comm a in tr p cal Afr ca and n regions of the Congo ^ ^ 

Ostrom repo ted an incidence of *3 pe cent lypie Uy jj j 

the d sease se ms to b mote conunon in the mo t trap (p to 
ca! r gions found t 1 f a 

Morphology and Life Cycle— The t tnlfrm h n d arrho a I 

fo ictily kn wn as A gi» 11 f« r t iinoi a I male long Rhabdit f oim f va 
reg rdedasparlhen genet c fives deep in tb mucosa of * “f ' ' 

the leiunum It i« about , r mm Im.. ‘he stool (Wllai 



the jeiunum It is about a 5 mm long and 40 to $0|c ^ 
wid has a po nted three 1 pped mouth and a filanform it j- ' 
oesophagusonefourthlhelengthoftheb dy TTieanus *■ 

*'* the sharp posteno nda d the vulva near the posterio th rd of the body The 
niiddl and po t ru>r thirds f the body and cont 5 a row of 
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double uterus oc 
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8 to to ?ars< eiJtptfcaJ eggs nearly ks vufe as tb« parent «orm Thenotmissolncs 
lucent that it is diffinslt to detect >t in the mucosa evenwithahandleii! Tlienratosj 
should be scraped off ttid the preparation searched w itb a inch objective 

Tlje ova sshen discharged lions the wKz dosely resemble hook worm, ova but »ft 
strung out m a chain by a thin transparent abesth like membrane and might possiblj 
appear in the faeces but this occura usually only after bust purgation Segeentsiwa 
« well sdv&nctd however and norsoally the ova <]Uickly give rise (m the uittstwe) 
to hrtat about 150*1 long and tjft broad charactemed by s double ceso 

phageal bulb They -closely lesemble the corresponding stage of hookworm Isrvu 
which may hatch m incubated stools but the depth of the mouth cavityantenortoUie 
oesophagus is only one third the width of the larva while ift the hookworm brvailH 
about equal to the width The rudimeatary genital organ t$ conspicuous and sbaui 
iQit long while in the hooknorm U is smalt and inconspicuous (Figs 17; and 

rsranahiy/reii Jatctt (onlat t lanae ttt itcenfifoid tn/aUcn tahoi 

icorm infttlion 

The larvae grow rapidly and at sintable (emfMraitrres (over 15 C) may develop “ 
5 to s days into/ees linnj moles and /emates Both retain the tfaabditilorm oesopbgm 
The male is about 750i<. long and 40 to 50M wide and has an incurved tad and twospieulet 
The lewale is about 1 mm long 50 to 6osi wide with an attenuated tad and a douWe 
uterus donfamiog several ova following copulation (in the faeces outside tie heoy) 
the ov a ate discharged and qutckly gtv* Tise to rhldilijorn Ijnae ideatical w »PP‘« 
anee with those of the preceding generation hatched in the intestine These dtvewp 
in joradiys into /luFi/orm larvae about 06 mm long with a simple tubuUreewpl^ 
gus the infective suge ( IndirM or *ef<reg#»fhc cjtfe) These are datuigcuB™ 
from the^eorrespondinj stage of hookworm larvae by the length of the oesophagoiwhwo 
in Strafig}/eide> » one half instead of only one quarter of the length of the body 

If the temperature is below 15 C or as a result of other conditions not >** 

Itood the rhabdiiilorm larvae (arising w the inttitme from the parasitic 
devebp m the faeces directly into infective hlanform larvae skipping the semiil*^ 

( Direct ei<U ) Tauit has suggested that larvae from lertilired ova develop indittclly 
while those from unfertilized females develop directly Others believe that the ditwl 
ness or indirectness dazing the free hvmg phase is contingent solely upon enviroBa*o«* 
facton optimum eondiimns pioduang continuous free living rlabiiiiff m generations 
while unfavorable ones sharten free Imng developreenta) metamorphoiis 

However Graham (ipyp) who has been able to develop strains of ilroKfyl* 
rotti alter exposing ecpenraental rats each to a single infective stage larva has c®® 
eluded from bis comparison of homogontcaud betetogonic lines that theformer prooiiws 
a prsdorainantly direct type and the latter a predormnantly indirect type 

It has been cbiroed recently that under certain conditions some of the rhabditilorm 
larvae may develop it* the iDtesiinai coritents into infective filanform larvae 
the usual period of growth outside the body { IlyptriiJ (tne eyc/r) Thesearesau 
to penetrate the intestinal wall and iiBtnedwtcly go through the usual devclopiuerr * 
cycle supenn/ecijng IbehiMf . 

Faust and deCroat (1940) point out that Crasst and Segre and Leichtecstem io'i 
It pecessary to postulate self infection (autouifection) in order to e^tam the Jong t® 
tinued presence of Slrcnf}hides in hutnau cases Later ruileborn was unable to pt® 
duce inierDal auto jnffction jjj erpenmeatal mammals and sponsored the theory 0 
pen anal self infection rillleborn was convinced that soiling of thepen analskm"' “ 
the infected patient s moist faeces contannngrhabditoid larvae provided the oppottus' y 
for them to metamorphose into the filanfotst stage and enter the bodypereutaoeouS’ / 
Therefore a Buwber of helminihoioguta have regarded lalernaf auto infection wi 
considerable scepticism However seveni Japanese investigators and Faust ana 
associates have reported that they have been able to accomphsh eiperimental au u 
infection It seems possible that rhabditiform larvae which hatch and 
bowel wall 0/ time may he transformed into fiJatiform larvae and tna 

these may cause auto infection 
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In [9.?6 NoUsco and Afnca rtpoiied » case of ovetwhelnutig internal infection of 
tlie body of a pattwt ivith bUnform Utvae 0! St ml det ass ciated with and pre 
iumafaty due to paralytic ileus 

In igiS Tones and Aaevebo tepotted autopsies upcin 2 cases ut nlifcb they found 
tbabd to d larvae alone migraling i oio akecsof the mucosa of the colan hr nay of the 

THE WHOLE LITE CYCLE Of STBONCVLOICES 
MflASlTC PNASCS 


% PsMsiTie Sts«£s ih Tut Umes ** P aurrit Srwts i#< Tut 



subsciisus lymphatics of (be scesucobc tytophatics to the cofic vema and thence to the 
Iter and lungs TSuiy believe that this ladtcaUd a direct developmental cycle of 
internal auto mfection or hyper wfecfi a 

Finally Faust and deGtoat (1940) w a study ot a case of infecuort jn 
a male child found in a mscTosco^ac study of some of the tasues from the 
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intestinal wall mesenteric Ijmph nodes and liver taken at autopsj 
various stages ol development and invasion b> the parasite It therefore 
seemed obvious that self infection m strongjloidiasis may result both 
from perianal infection of the skin and from the penetration of larvae 
directly through the bowel wall 

liifecUort of viait may take place by direct ingestion of the larvae which 
then penetrate the mucous membranes or the larvae may penetrate 
directly through the skin They then pass through the blood stream to 
the lungs where they remain for some days developing according to 
Faust into adolescent males and females Here they cause more or less 
acute mflamraalion as do vlscorw larvae Fifariform farvae have rarefy 
been found m the sputum 

According to F»ust mseminatioft occurs chiefly in the ian|s Souse worms sUK 
reproduclwn in the lungs Most of the parasites r>as5 by way ol the trachea snd 
oesophagus into the intestine mbert the fcioale bores into the mucosa and bepns to 
deposit ova about two weeks after penetration of the skin The parasitic Biti« 
are only o 5 to o 8 mm long and resemble the free bvjng awJes do not penetrate tw 
mucosa and are tjuickly eliminated After the supply of spermaloaoa » esisusted tie 
female continues for a time tofonnovapanhenogeneticelly 

If the petineum is left soifed a ith infected faeces development may fake plate in ide 
and the fllatiform larvae penetrate tbe ^»n supermfecting the host They »sy ^ 
duce local itching urticarial lesions a manifestation of hypersensiiiveness to strongyfod 
protein FQllebom has shovrn that local allergic rraclions may be obtained by cut* 
neous appUcattoa of extracts of dried ktvae 

Spiiimiologj — lo the analysis ol Ss cases ol S/fftcjMej inSttiiott in Louisaos 
Hinnian found a marked preponderance in males jp to 96 According to sge w 
highest incidence occurred m the 13-10 yesr group Although 47 pet cent were unwr 
0 years old the third and fourth decades shooed a considerable number of cs«< 
Faust (rojt) foundlhehighestincidenceinPanamain tbe i:-t 5 year group after «tiir 
It remained generally constant . 

An analysis of occupation has shown that 10 Louisiana about orie third are sense 
children and almost half were farmers housewives or common laborers the grvop* 
n-fcteh ought be crpected to be exposed to infecfwn nwst frequeally Also m Lou's'S''* 
the disease was more common m whites than in the colored race FuUeborn has*^® 
painted out that clinical symptoms arc much more rarely present in negroes and 0* " 
natives than in white people . 

Experimental irdeccion with Strofi0lftJt4 as noted can occur either through the ow 
or intestinal mucosa but it is usually regarded that in calure soil contamination of tM 
skin 15 the usual route of mfeciton However it seems evident that contaDunaled too 
or water may occasiorudly be a factor (Debangen tpyb Blacklock *938) 

Tbe free living genemtion shows compaeafiv^ httle resisfance in th« ' 

noms ate unable to survive for any iengtb of tnae in water Nevertheless the i/« 
living stages have been believed generally lo serve as an adaptation for the pres^at'"'’ 
of the species Beach (5935) has shown that on suitable culture medium the 
living cycle may be carried on through possibly 3 genera tiqns expenmentally WoetO« 
or not such multipbcation occurs under natur^ conditions remains to be 
Dogs have been found naturally infected with a species of Strong} totdes morpnowgic® r 
and physiologically indistinguishable from that which occurs in man Galliard 
in Tonkin has found that }'Oung dogs sre eaarjy infected with the human Slrens.uefafs 
In heavy infections larvae are found tn the stooU on the seventh day The 
always dies on the tenth or twelfth day Monkeys may also be expenmeotally inl« ' 
with the human parasite Tie infective stage l«va« of these animals lik« 
species ate developed m tbe soil from whidi man may become Infected through * ” 
contact as in bookworm infection 
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Bnirapl (X93.6) has shown by e^qjenmental infeclion on hiraself that 
SlrMij>Joji«Jn!i<h(a£peaes{outt«iiaUiecaU)»nd5 rataottodents 
not capable of parasitizing roan jet when the laiaae are placed upon the 
skm they give rise to a violent pinintis with local urticaria a papular 
eruption and oedema which may last for a month 

Pathoioc* 

Alter arrival in the intestine the jonng females of the parasitic gencr 
ation rapidly matuit and infett the tissues of the mucosa The portions 
of the intestine most commonly parasitized are the duodenum and upper 
jejunum However all portions of the inte>tine have been found infected 
from the pylorus of the stomach to the anus Only adult females have 
been found penetrating the mucosa They penetrare all layers of it and 
have occasionally been reported as migraimg beJoxv the tnuscularis 
mucosae \Vhether the penetration into the musculans mucosae occurs 
atvicmotlem in human beings is questioned T 1 e ova ate found eepeoally 
towards the base of the vtlh or between the glands where they are found 
single or in nests Upon hatebmg the young larvae pass towards the 
lumen of the intestine The writer has in some instances demonsttated 
them 1ft sections beneath the epuhelmm of the vihi A microscopical 
study of sections of the small intestine invaded by the parasites often 
shows a catarrhal intlamroalion with desquamation and in many places 
atrophy of the epithelial cells Solitary follicles are often slightly swollen 
and there are infiltrations of small round cells about the glands 

There may be ui very «ei«t« m/eetion* an locrease la the Munophi!« about tie 
areas wlucti eontain the parasites or ova Howe c tb a >a not always dnoonstrable 
In tbs crypts of Liebecbuiic conUtniog eg^ and eobr^os at the boCtan the epitbt! um 
M much compressed and cflen atropb «d The epitbeliat eeiis are also compressed and 
atrophied in the cysts cooiainie^ several ova In seclWDs where the egj b»s hatched 
aciii the etubryo escaped the epithet um on one side oi tbe crypt has ssmeiimes d s 
appeared There a e {lequently »61t»av»ons of sm^ roaitd cells about the adult 
parasites and desquamatun of epitbrbom u otten marbed about them bot isfre 
quervtly she embryos may be seen breaking Ihrongb tV crypts and lying between the 
cpithclmin of the sitlus (Strong 1900) 

Faust {i93}) has dtsc ibed ksions wbwb occur in the akin and the lungs m 
61 exptiimcntally ififcned d ga He (oond petechial baemo rhages at the site of 
skin pen iration of the larvae and intense ptuntis accompanied ibcu penetration 
Inf Clive Ui at aomcliracs einam passively m Ihe akin f r several days Crumpt 
(19365 and Ilmmao each m eapenmeiiial cutaneaos infect ns of theroodves the 
former wjtb S I ! of cal es & of rodcMa and tbe VaUer iriih 3 4 le f i 
hav spenenccd this prunginousdermaUUs However skm lesions appear to reflect a 
personal idiosyncrasy or allcr^ for Sasdground («sir8> who acquired » massive 
laboratory infectian wub 5 I tev al s which endured for a re than 15 sears and was 
aceompanied byhigheasin ph Ua {59'")4ndA jietsistetit gastro jnte&unai 6tw informs 
the writer that caiantcon I > tmo aevtj «tf«ated even though be tiposed himself on 
numerous occasions to the mfeettve larvae of S atf and S /W! hern of monkeys 
When the larvae arrive 10 the piJnumary cavity they penetrate into 
the alveoU bvonthioics Thn vay be accompamed by petechial or 
even more profuse haeiaorthagc mtd the a« paasages About the larvae 
there is frequently a proliferation of qutbelial cells and leucocy tic in&Jtra 
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tion in the air passages Congestion sometimes apparently prevents the 
normal migration of the larvae up the bronchioles with the result that 
metamorphosis into the post hlanform pre adolescent and adolescent 
stages may occur in the lunj^s Oviposition may even take place here 
Bronchial pneumonitis may result as a sequel Adult worms lodged in 
the bronchial epithelium may give rise to a chrome bronchial disease The 
extent of damage due to this pulmonary migration of the parasites m man 
is not known but in '» of 85 cases reported by Hinman (1938) a history of 
antecedent cough and bronchitis was elicited 

Carlois has reported a case iMth cough for 3 weeks and with signs suggesting a slight 
bronchial pneumonia while Gage (tgio) found the larvae of SlroniyUides m the sputum 
in a case and DeLangen (1936) also reported the larvae in the sputum in t^o cases 

It IS probable that in man pulmonary lesionsand symptoms are producedonly by severe 

and massive infectioris 

Several Japanese investigators and also Nolesco and Africa (1936) Tones 
(1938) in autopsy examinations have demonstrated the larvae in the lungs 

SYMPTOUATOtOG^ 

In severe infections the females and their larvae which give nse to the 
chronic catarrhal inflammation of the mucosa especially by their mechan 
ical movements and perhaps by the products of their metabolism gradu 
ally cause a destruction of the epithelial cells which results m a diarrhoea 
which however rarely contains red blood cells The degree of the diar 
rhoea seems to depend particularly on the intensity of the infection its 
duration and the susceptibility of the hosts In the Far East diarrhoea 
IS frequently the most common symptom Sometimes it alternates ffith 

period of constipation Barlow (1915) found in cases in the tropics tha 

an uncontrolled watery diarrhoea w Uh profound emaciation w as the mos 
conspicuous accompaniment of the infection However it should e 
emphasized that diarrhoea is not always present Levin (1938) * * 

report of 29 cases noted diarrhoea m 5 mucus and blood in the stools w 
5 indigestion m 10 and abdominal pain in 13 

Hinman (1938) who studied 85 cases found that 26 of the patien s 
had diarrhoea, of which 14 had bloody diarrhoea during the course ol t e 
infection 7 more had alternating diarrhoea and constipation and 10 ha 

constipation alone 26 had lost weight and in the cases where the loss was 

known it was found to average 14 5 lbs per patient 

lie found that abdominal pain was the chief complamt and more than one half the 
patients were disturbed by It The pam was variable both in character and Iom w 
In 12 of 44 It was diffuse and crampy In 13 it was found to be in the 
In 7 It was located in the right lower cpiadiant and S m the right side of the abdom 

Loss of weight vomiting malaise fe>er weakness and indigestion were less irequeni 

complained of Five of the patients were admitted with a tentative diagnosi 
appendicitis The h ghest temperature was 100 F or less in S9 of cases In J4 
was between 100 and loi F and in 6 it was above 101 , 

Blood — Hinman found that a moderate seoindary anaemia was frequently 
In only 6 cases was the white cell count above 10000 per cubic millimeter and 0 I 
I below s 000 The differential count showed an average eosmophiha of 8 0 vvi 
t4 eases above ro per cent Levin (1938) in the report of 29 cases found an mere 
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it> n>sinop2u}«s la a Ot'ber ialban lave exSed sttentien to tbt Btasifd bjT^e 
fOttft'Op^iiUi which may occur iw »evti« Slton^loidei oifccljon Kvnsen (ipaj) 
rcporitd as high as 82 * pec cent w one huotan ease vai \«a tas found couRta vsty^S 
from rj-op per teoi NevtithtSesa eosts^philia u raruble m humaR 5(70»{]>fiH<fci 
infectwn and »& some case* the eosinophslcS art not loCressed Fvust { 1936 ) reported 
that in human cases the blood picture typieaHy shows a marked eosiRopfatha and a 
Itucwcylosis dunng the stages of insasion Hicubatioa and tatly ovjposdwn LtUf 
as ^e infectiOR becomes zoor* chrome the eosmophilia decreases a&d a leukoproia ss 
mord charactenstic 

t-riintrsjo) in a study of jasutc analyse* ui «« case* found sVpv\jng*clilathydm 
Ilinman ( •fc)3) lotiod of »j patieftU a> •which a gastRO analys s was performed that 
i siwffcd inJOChfnthyijTia and a achlorhydtu 

S'cTsara (1523) hat teporled one ease of baemaiuna va a woman (h Utvae were 
very ovisicrous in the iirioe 

pROCVJOStS 

The prognosis is usuatlv good in ijncomplica.tc4 Cases Rccentlv 
several ver> severe cases oi tofeciion have bero reported Thus NoUsep 
and MtKafaave reported paraJjW deus as a result of tnassite mvasiotvof 
thw bowel wall by dlanfumi larvae oI5/r<in;)tejder rfercoraJw Torres aad 
A evedo described massne invasion of the wall of the meso- 

colon below tbe tnusculans mucosae by rhabditoid Urvae of 5/rpff|y 
loide* In the alveoli of the lungs rhabditoid larvae 'Kere fouod jR ate&s 
of haemorrhage and puloioiury oedema 

FauttandD Croat (r^s) ha\etep«mda<«Mrahrcdou8ralion of ClanfemUrvae 
through the b«w«t wall metentery veins end fiver of a while child who d ed of the 
«f eelion To wtai meat these pansuts may nugrsle after the ij?ath. ol tbe best u 
nsl cUer CafUard <1938) beltem auto infection * y ^irangyf tits is nneomDOO 
la g postmortem esaminstions vn wbcb active rhahditdoitn larvae ueee fouad there 
wets CO CYidtcKes of penetrstma of the latestinal well and this la the usust isding 
On the other hand -when uUrn of the colon were pretest Ti«res aad S« Acevedo 
(i4S ) found (ha larvae penetrated the ulcm and watt tound id the »d;acent lymph 
node* Lver and lungs U»of irtmtt to recall that 4SJoiigaeo»sigg5T^icT reported 
(hat IB * ease of Sttfiifylaid s infecti n ha balicved that the larval fans broke through 
the mucosa aad so ghi appea in the circulating bfood t* h»-nng observed fiJana hte 
erfibryos in the blood 

Dlvonosis 

The diagnosis « usually readily established b> the finding of the motik 
rhabditoid larvae m the fresh stools U viiUy thej tnaj be found in 
iwiconcentraied films of tbt faeces However somettmes it may prove 
desirable to centrifuge the sfcamen If the stools hav? stood for some 
time before e'^aminalmn « should be tecUled that hookworm ova maj 
havegiven nsc to the motile lan^ In rare instances particularly' after 
purging ova of Slrongiloides may appear in the stools 

Silv» (1938) bcUevM txaeuastMnnf materul sled from the duodenum w mnit 
ilu^ble tor diagnosis thsti tsaminstiOD ot (he (eeces 
la scvtte lol eclions with pulsionarv symptoms the rhsbditoid U rvst may be crcouq 
tired m the spiiivoi aod Faust »t*te*t^lttca*« with pleural effm, on iHe larvae ca»y 
ke found in the aspirate ' 

In 1 * ngle case romar* faprj) reported A* pmroce of larvae ta lie wine and m 
2896 Teraitr thought they vmvprtseiit In thiahteod of h s case but these nhservaUoat 
have asv heea coohrmed 



:i86 


OrnER NEUATODAL IVFECTIONS 


Treatment 

Chopra and Chandleriiavepointedout the difficulties in thetreatmeot 
Since the parasites penetrate inside the mucous membrane a satisfactory 
drug would have to be fairly absorbable 

They found that oil of chenopodium has practically no favorable effect and that tie 
parasites persist ev en alter many courses of treatment Carbon tetrachloride Lietrise 
has little or no favorable action DeLangen (roj6) has employed gentian violet by 
mouth combined «ith intravenous use of tartar emetic Faust (1940) recornBiend# 
medicinal gentian violet Jte suggests for the average case the dje be adauaisfered 
before meals in enteric coaled tablets t gram {o 06 gm ) 3 times daily until 50 iraini 
(} 3 gms ) have been taken The dosage is the same for childrrn as for adults For 
refractory cases ay cc of a r per cent aqueous solution of the dye may be intubated 
into the duodenum with good results In human cases of strongyloidiasis (be 
success of treatment with enlenc coated tablets or by intubation of the solution has 
been attested by many physicians in the t/mted States and in tropical dmenca by 
Ceballos Carrion (rpje) and Kouri SelleL and Kivera (ipj6) For pulmooaiy iaf« 
tion and for severe late stage tntesiioal cases he advises the dye should be introduced 
intravenously in o 5 per cent aqueous solution in amounts not in etcess of sj tc en 
alternate days for a period not in excess of to days Gentian violet is slightly irritatioi 
to the intestinal mucosa and has a mild stuoubting effect on the heart For 10 
nous use the above instructions must beexacilyfollovied to prevent precipitation oi the 
dye v* ithm the blood stream For such therapy the patient mu t be bospitilised and 
should be given personal supervision during and following the injection 

Brown (tgja) points out that patients to whom gentian violet is idministered 
should be watched carefully for any signs of (osiciiy such as loss of appetite osuses 
vomiting weight loss and the drug tereporanlydiscontiDied if they occur 

llinman employed gentian violet therapy in 46 of his Sy cases Noneof ihepstienW 
were subsequently readmitted to the hospital for treatment and there was no iporUuty 
in the series but subsequent stool exaouDauon to check tbe value of the treatarnt 
was not made in a large number of cases . . 

Simpson (rpyq) has suggested compound solution of iodine (U S F ) inlroducea 
into the duodenum through a (ransduodenal tube The dose finally fixed was 60 mmi^ 
(4 cc ) given on alternate days until neither tbe duodenal contents or faeces sboww 
ova or parasites He reports 9 cases successfully treated by this method 

pREVENrlON 

The preventjon should consist in measures which are inown to be of 
value against hook worm disease, espeaally the proper disinfection and 
disposal of faeces the wearing of shoes, and avoiding contact with sou 
w hich may be contaminated AI 0 it should be borne m mind that infec 
tion might occur from dnnking water in marshy districts and from 
uncooked vegetables fertihaed by infected excrement StrongyJoid larvae 
have been found on the leaves of vegetables as well as in contaminatfQ 
drinking water 

Rase or bPVJtiovs Nematooai. Infectiovs 
Capiilana bepahea Bancroft igpy (ffefaUcola htpatico Bxocroft iS9j)~' 
Among other Tnehundae is CapiUsna kepahea a very common parasite of the Uvet 0 
rats and other rodents and the ihimpaiuee and some monkeys less commonly the cog 
Tbe eggs resemble those of Truiuns but have an outer shell a pitted surface an 
measure yt to dy %n by 30 toyj/* (Faust) Tliey accumulate 10 the liver and form 
yellow mottlings The eggs remain in the liver and after the death of the host mej 
may be freed bv decomposition Infection may occur by tbe ova being iransnutlta oy 



oiiiER iiEiaortm’' i/f^ctiovs uS? 

fiies U food or b:)* tbfr e«tijiga( (beinfetU<iiiver Onlyonevalrdfaumactciseb^ beet: 
report d from » Bnlish solliec la India but some jo ca«i of tempoary oc pteado 
infectiott hive been pubJished in y btth the ova were presuwably eafeo with liven of 
infected animal» in raniina fcerch Ouuna Southern Khodesia and Kusju (Faust 
(tojtf 'Ootl (tpjov SantfgrornJ { 933)} Foster and Johns n f 939) refer to the 
probsWe origin of the cases m mia m P naina Tie/foond the nhite I ppedpeccaiy 
Teyiitut pecsf jptraSe s the red S(, Her monkey Atees gta^royj and the white faced 
monkey C(b s ui/ /o ns tn ijitr alt infeued Sotee PanamaniaDs eat all of these 
animals On feeding bode! inlected livers to other healthy usonaeji Foster fourd 
infection resulted 

Tfimim 0 apl lu3 ot the (anly Tncho ephahdae uiually found in the trachea 
tungsand nayilcAMty t>! earnivaiousaiumslsfcats dogs wolves foxes etc) in Europe 
and the United States 1 as been reported bj bkirbio ( 939' The aothor reports its 
occurrence as a facultative parasite sn a patieoi lo Moscow in a hospital suSering from 
severe (racben btenclutis The eggs of tbe oenatode «ece found in freshty tspecto 
rated sputum, while thefaer t of the pit entcooiuaef uvaddiUan the eggs of T vebuns 
t ich rra 

Other Spurious Infections ~'p««es of Mcrm thidae (the so-called cabbag snates) 
have been reported in man la 1 few mat nces bit they produce no ivcpptoms and 
fence are of 00 cLnieal laiporunct Reports of a copropb ous nematode XMiii s 
iitmn t eontaiaisattOs the stools after deiecauoa hate s metimes been made Thus 
Sandground reported that a la g proportion of bumao SlrenuMc tU te a! 1 1'lfeetioe 
{ormerly diagnosed as su h e the cho cal latioraloriet m tbe State of Oeorgia USA 
were in reality cases of pseudopi isiiism with this nemst de 

Qisndler 'sp^v'-ioaoi has found D p uopi t a on«(o in the aspirated stomacb 
emwtsot^patentsni T eas n which there was almost corvp'ete iacV of Sjdrechlotm 
add This pstAvie has previously been known oril> as an inhabitant of soil or senage 
beds K teVatei spscies is parasitic on b vng roots id plants TVieso norras alio had 
b ea previously incoerectty diagnosed as St 1 {>( tdis 

Tbevinegueel Twrba iroeeri has been found on several oc asvinssn tbe urute or 
in vsgiBJl exudates of women wbo bad accidentally introdu ed the pataulei into the 
vagina in using stoegst a a vaginal douche 

A few ifistancei of infection of nun mtb n mstodaj pareiites of plants have been 
recorded On on occasion Aifuillaliaa putrf/a tas a comaon parasite of onioo 
hdbs was obierted to the vormtus of a patient fo bad eaten unvoohed onions 
// /< «d< a radia U commonly nrfftts (he root and suns of many edible plaoti and 
when they are c nsined by mita (he 0 a and larvae have at tunes b a observed in 
the faece Koloid and White found the ova of (bis species and attributed ibem to 
an unVno as lateitioal paras e of inao O/Vm <1 tacegn { Hetersd ru rad cice/o is 
obviously not k true hutnati pamsiie Keller fiptsl points out, however that the 
ova may he confu el wvtb uaftttvuzcd t cant <st with boosworca ova and hen e raav 
result in unite s>aty tveatiatnt Tbe ova ais.th.vs^sU^ hyaliM nvtndjl 

IB bape uh wundedend vowetitn slhayaresUghtlyflatteiiedoanaesvde They 
measure fr in gt>-> soia by rs-oow and w tome ursttnccs coaUia fully developed Urvae 

OtUEK HEUaNTinr £^TECItO^S 
J-mWOtOEA 

Mambetsofthissupetfamviyravbeplunip r vtmhhi’gA tom orlongandfiUom 
resembhog Afii to Lips when present a paited simple o tnlobate cbiUnnus buctsl 
ceviiy OrsopIiig<.s pracii aSi always diuded taadem Vulva more equatorial 
Fam ly of interest SmraiDic 


S^trKrfdae 

Phjs^ 9 t«v.s»a — Fhvsafep<fl*fa«asla{Un5ta'« loosl P narisns Leiptr 
1907 Is oortDxIly a parasite of tBonbeya and has been tepai*ed fs mss 10 eoiteru and 
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northern Africa nhere it is said to be fairlT common It was first described fronj the 
ileum of a patient in the Caucasus and was later /oondia a number of casw in oitjyes is 
Africa by Leiper and Turner Blachey (1932) reported one human case from southern 
Rhodesia Faust and Marline* (1933) found the eggs of a species of t‘hysalo(let» la the 
faeces of a native Panamaian but concluded that it was a case of spunous parisilism 
The mouth is provided with a large equal laterally pbced lips each hanag 1 
papillae and armed mfh teeth The male (is~50 mm by about o 8 mm J hasalance 
shaped posterior extremity with a unequal ^icules The female fa^-joo by about 
a mm ) has a pointed tail and a vulva opening in the anterior part of the body Hie 
ova (3S-4Sii) have a thicl smooth shell 

The parasites live in the intestinal tract with their heads buried in the mucosa of the 
stomach or intestine Turner found the hver vvss also sometimes parasitued 

Chandler {1940) states that it is undoubtedly a pathogenic parasite He has seeu 
severe irritation and erosion of the stomach wall of cats infected with a related species 



from Russia f^ult*) 

In amtual hosts Che parasites are found in long raised ehanads « the morova 
submutosa of the oesophagus buccal cavity and the tongue In the human cases the 
bps hard and soft palate and angle of the jaw have been the locations where the pa a 
sites were found In most of the cases they could be ob erved migrating back and lorta 
in the submueosa Only local imtatioo and nervrousness were noted as sym^o®* 
eecept in one instance where pharyngitis and stomatitis may have been prodacea by 
the parasites 

A related speaes (Gangylont la (»ei>/fas/j<»in) has been shown by Fibiger and subse 
quently by others to produce gastric carcinoma in rats He fed rats with coduoawes 
of the species Periflancia amencana which harbored the encysted larval form ® 
Congylonema neoplaihcum and gasinc carcinoma resulted For these investigat on* 
be was awarded the Nobel prize m mediciiie _ 

There has been no evidence of tbe formation of any neoplasm by the 
lontma homjms which resembles *o closely G«nfjf0fiema »eo/f«irieK« and 
pulchrutn 

Gnalboslomaltdae 

Gnathostomiasis -—A number of human cases mainly due to Cnatkaslama 
terum have been reported chiefly from Siam Other infections have been repoiKo 
from the Malay States China Japan India and from north Queensland Aa tmlia 
MapV'stone and Sundar Rao (1939) have reported tbe Coding of a second Cnallii>slama 
m a patient in India from whom 10 years ago the first parasite was removed They 

think that tbe second worm had aurvived tbe whole period 



OTHER nSUIJhTinC INFECTIONS 


Tlui sp«i«s «»s 6rs found bv 0»m »« gastiu. tumors of 3 t er It is pormaliy 
pstasitic in the stomach T aU of T>)d nod doBsostK cats mink andrarel> do,s fomuog 
hard cystic tumors soraetirws i~3 cm » diametet and causing grave dislurban es 
Thev mav open mts the ahdstmaal ottty and ma/ aui>e fatal pentomtis 

The pa asites vary in length the wafes ii-ia mm aod t mm in diameter the 
females 25-54 mm The cephalic end ueapanded into sglobuarsnclIiDg armed «nh 
8 runs of toacn lik hooks The eg a (in ttcces) have a plag at one end like a bottle 
stopp rani a e nat segmented vibeR dejMSited Tbev dcveiap into larvae m 3 species 
of c>cl<3ps The p ras te is not xieD adapted to man as s lost bo hmnan cases in 
uhich the parasites are pr 5 at in lamon o' the intestinal tract bave been observed 
Paeogsvang (19391 has c octed from India an abdonuna! ijtrorcaujed by the parasite 
In most human cases cl infe tion ii—nature aorma ntre found nilb 4 or 8 cephalic 
nogs of spines uhich presumably had lost tlicir nay 

The parasd s have be n found tn ab^essed pocke s or ladutated nodules niih 
necros s m th nt r Jn other case the/ have been fousd in deep cutaneous or 
subcuuoeous tanoets in uhieh the norms nere migratins as in larva migrans and 
presenting the cond tion nhvh has been termed creeping trup on {See C-bap L 
p s 01 Tie paras tes have been usually discoveied lying betneen the stratum 
germinativum and thecurum nith accumuatioasof eosicophiles plasma ceils oeutro 
pbiles and mon ai Icar cells The n^ules have been observed in many parts oS the 
body Levi sea foun I them 10 breast absces es Maplestone fooed the parasite in 
an absce a between th right thumb and ladee fogerand m another case on the surface 
f the temporal oius le ta a patient «i(h symplors reserobbng isastotditis hlaple 
stiR and Bbaduri in 2$<asesana'>ted found swelurg of tiepbatynz and di^pnoei la 
half They point )ut that the sweUings present even viSei nidtiy separated uiualiy 
cease on the remaial of a single para I'e 

The diagnosis cart be toa Je only aft r norms have been di^ovtred ard recogmaed 
The migrating variety of the lafec'Mn may ometimes be confused vrith other forms 
ffuruneuijsis hich may be caused b> bacteria In the nugniirg forms the diagnoss 
may be confused with larva mi tans caused by boot-aoiTr 

The treatment should consist of mcisioo of the tesonsand retroval of the n rms 
n tn d sinfecti n of the eaviiv 

Chandler fou d that encysted gnathstoRie larvae hi h ate inactive for cats ate 
onmon in snakes in souin'Casiero Asia and (bey probably ocvur id other asima s 
It IS behevrd that human mfcciion crugbt be eausej by eating tn snakes a practice 
indj'geil in bv ome mil tribes in this rcgiin Chandler hoviever nas unable to see 
hov cats and snakes lu nage to pass the lof erma back and forth between them in 

Later t was shown that the orj becomes erebryooated and batches m water and 
develops in vcl pv Afnca ei al bavever have shaiMi that the encysted larvae ate 
f und in fre h water fi bes in the PbibM>iiies and that inf ction occurs not by d“nking 
»»t rcontainrg ifat infected tyt bill by eating taw fre h «at rfsh lofes td with 
th larvae It is presurred that the 6sf> may become infected from lag siirg i fected 
vcl ps Ftogs and etb found in fish markets so S m ha e al o been found to harbor 
larval C«iil> ricin r 

TMa i« 

TbelaaUs s.— Tiefo la (the Onental eye norm ) Ralhet and Henry 

ipio 4 3 T cali'iirn nit Kofmd a'vd Ikilfiams paj These slcrder parasites are 
perhaps more neailj related to th « udaethan to the 5; rnfas Thev inhabit the 
conjjf clival sac and la cimal ducts ocensonaD in man and more commonly la dogs 
tt limes tV-ev creep over the eyebiD later r turMPa to the inner corner of the eye 
Tbeformerspeceshasbeenlounlinlolsa Burma and China wh.lc the latter hssooly 
be ft f und i Ca' fornia m one > unua subje l and also in dogs and cats in the same 
area Otter peeics occur m the cyesof other animals 

The female parasites measure from 7 19 mm long The males are somewhat 
smal tr The euude ia p'eated with vrtB defined itnatioos with sharp edge*. There 
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are no Jips, but there is a short vestibule The vulva jsanteriorasn 51 aeAertnaiodtit 
male has no caudal alae ThelifecycleMnnt yettnoHn butroach sha\eb«a^o»n 
to serv e as intermediate hosts for T maHioni « chickens On ingesti )n of the cock 
roacb bs the chicken the encapsuhted larvae arc set free and are presumed to mijrats 
up the oesophagus phafjns and lacnmai duct and come to reside in the can thus of lis 
ese In man the movements of the pansUc tu the e>e cause coasidcrable irnutvon 
sometimes nervous symptoms and etcessivc lacnnution 

Faust (1940) observed that the movements of the parasites scro<s the cornea vith 
their cuticular striae produces at times minute scratching of the surface and that such 
chronic irntation may result m the development of opacities of the miurtd sits Tfi« 
movements of the parasite^ in the sac oijj produce eecruciacmg pain 

Tnmble attributed pjra)>sis of the muscles of the fower eyelid with ectropion to 
the presence of the parasites Blindness js not jnfrequenily produced by one species, 
in cattle in \fnca 

The presence of creamy nhile threal norm ma es coiled la the coRyun tivalucor 
migrating over the cornea are suggestive 0/ the diagnosis The vrorms are usuallv 
easily removed with forceps but sevreral ctaminations may be necessary in order to 
remove all of them 

Cheilofirura sp Africa and Gatcta (19yd) have found a parasite of this geaw w 
a nodule in the conjunctiva of a Philippino The in/ectou is unusual, for previom 
sf ecies of this genus cormally live in the lung or in the giszafds of birds 


The Gordiacea of Hair |l orms {Hair Snaies) 

These Morms have a some«vhat higher organisation than tie flat worms and ars 
eJasNfird in the SrnioiMminllet a itrro tnea’iing thread norms Jn tie nature it»t* 
they have an atrrphied dig stue tract a (rue b^/ cavity gonads discont nuoaeiw 
other ducts and lack lateral fines and flame eefls. The adult norms are free Iivuigie 
Mater The larvae are parasites m insecK Human inieetnn is aecidenbl 
adults are elongated Hirypacasttesmeasuring from r^joem inkngth Theiraaien t 
ends arc bluntlv rounded The sevually mature wotrvs mate in water where the eg J 
are laid in strings The lanae nbicb hatch from the epts penetrate the bodv w»h« 
various species of Orlf pi ra and other insects After a metamorphosis they 
Gordius like worms As they approach maturity they escape from the insect a 
become free living forms The pop ilat name of horse hair snakes comes from to 

popular idea that they develop from horse hairs that fall into Mater 

On several occasions when the a loU norms have been passed from the 
tract f r OKKfii or have b cn vomited Faust 1940 btattsitvsbeLevedthsteitoerpre 
bung adults or adolescent norms sfiH mtbin lb ir w ect hosts nere accidenti v 
swallowed IB drinking water 

lo ear ler years grave consequences nere attributed to the presence of these paia 
in the body It is no v believed that the symptoms attributed to them to thealiaieii“0 
anal nere due either to other cau es or nere psychological Ilorever la S c* 
reported by Faust and his a sociates in which a juvenile female specimen of CeisiK 

wavrecov red from th lower border of the orbit of a patiea n rionda the norm 
undoubtedly a tissue parasite and had set up considerable reaction la the surrounoi g 
tissues 


The Acanthoce^hala or Tkornv headed Nematodes 
These are called thorny headed worms because they posses a proboscis 
projetts antenorly like a little peg and are armed nith several rows of hooks wh>cu » 
directed batknard and enable the parasite to attach it elf to the intestinal wall a 
worms absorb nourishment through the general body wall there being no ahff eo O 
•.-vtia-t or miuth They are probably more nearly relatod to the Cestoda than i 

p,ematoda Only the foUo i mg species arc kaowo to be recorded for man 

ipacrocanihorhyiichiis h uiinaeei t iptga lerkwehus f/fuij is normalh an irte ua 
parasite of hogs Tbe male 1 #-4 inches long (s-z- — ' *'-* " 


n ) the female ro-i« 
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{14-45 show* tians tmt nog? and resembles At a > but is more 

wKits la «b3t Tiie egRi wUtch at* hwetn la «i 1 <)t and about long coBtain 

emboos "■»!> » pairs ol large hooks al the antenor enct and » sp nybody Tht inter 
mediate hosts are larvae of June bugs and (dated beetles aad various species of white 
grubs 

Human tofeeUoP nas formetly con dewd to be common in south Russia CLambl 
1859 aod Lmdeoiana 1865) Lutdemaoii stated that at that tirue the lofection was 
wmmon Jti the Volga valley where SchoeiJer found the beetle Hilolenlha was eaten 
raw Mure recently Russian investigaion have found pigs infected but no furtber 
huoian cases In pigs as a result of mult pie isfectioa cons derable laQammation u 
fce'^uently found at the site of the attachment of (be parasite to theinicstjaal nail and 
n t mf equenily perCoratioa of the wlesUne has occutted 

ifcHtiif ntaetnl/ moBemser i 9 ri ((> £<ti«r AyncAutm n Ufa tnn) an intes 
tinal parasite of rata has been reported in man m a few cases Human cases of lafee 
uon apparently authentic have been repotted from Italy the Sudan and British 
ffonduras Calandniccio tn/ected himself expenmeatally with this parasite Begin 
Qing on the ibth day aftennfectiOB heetpenencedKnousgastro mtesuoalpam char 
rhoea exbau tion somnolence and tinnitus auriam The parasites however did not 
become saeualty mature until j weeks alter tbe time of jidetliou Under treatment 
with ispidium till! mas the paeatites «c e evacuated and the symptoms completely 
diaappeared after 48 hours 

The pansite might U contracted by rating death natch beetles as is someomes 
d na 'aitb tba td a of vmptoving the e mplctioTi Tl e eaalt is t inches ($ cm I tong 
the female 4 to loehes (lo-tj cm) TTie pr boscis has }}~i$ rows of hooks A 
beetle B/4^1 R < na/o and the cockroach /* y/one/ooec mko are the intermed ate 
hosts 


ANWCUDA 

Leeches belong to the most highly organueil group of worms the 
\pReltds> q{ the cUss lUtudmen Members of this class &te fvacasttic <» 
semiparASitic and do not possess chaetae but move about by means of a 
sucker at the poslenor end They ore to a considerable degree sangym 
ivorous and have a mechanism adapted for the engorgement of relatively 
large amounts of blood 

Th«y have a rather oval body marked by numerous nngs and well developed isus 
cuUr iyctem which enaH s them »cti» ly to contract end cstend la sdditioo to the 
suck r at the postenor end there IS a su^er at the anterio ettrenuty Uitluuthisis 
the Di utb leading to the pharynt wlucb by the action of its muscular nallt serves as 
a pumping organ The salivary glands Mtiuted inside the mouth cavity secrete the 
Sutd uhich prevents c agulation of the tdood The mouth may or may not be p o 
viifed mill cutting jaus In 21 r d there are j senucircuUe la » the arched surfaces 
of wh ch a e beset wilh from }0 to 00 aha p t«th Th mark of a leech bite u tri 
angul t Mhenaleecbbasgo gedrtsrif wb^meadetachedfrumtheskiDofilsvicim 
but the (Sect I the aahvary secretion in retwdme coaeulatma 11 of some duraiioa so 
that the wound continues to bleed l\\th sometd the tenhes the mniods frequently 
become infected and ulcers which may pr v« serious ofita itsult Thu u pariicu 
b ly true with Ha «<jd t 3I ntta ‘ms (pectet u « land leech but requites ibun 
dant moi turr Ilovever many leeches live ta water 

Via ni! leeches art hermaphroditic and tep oduce by depositing so-called cocoons 
wh h are rounded bodies sutTcunded by » aheH and conta wng eggs in an albuauBous 

While of very I iilc medical icnpocUn^ in temperate climsles except for the fact 
that they were employed soextrosveiyia Iheopeusufoe blood I ttiog of patients tbej 
may be senous pens in many parts vi the tropical world 
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flin do tnedictnalis Ztmnalts nitotua and Ilotmadipsa te^lanica are Jie speues ailli 
uhich ve are espcaally concerned 

Iliriido uudutnatu js the species that ha* been used medically so extensiiely in 
earlier years for the extricUon of blood They have a secretion which prevents loip 
laUon 0/ the blood so that when they are removed the wound still continues loywl 
These leeches are about 4 inches Ion; and of a grayish ^reen color with dinsy red Iob|j 
tudinal stripes on the dorsal surface and with a dark green ventral surface 

Ltmnalii ntloUea is an aquatic species found in ponds ditches and other bodies 
of water in Jvorthem Afnca Palestine and ad/acent repons The dorsal suifact w 
greenish brown in color mth orange bron-n border* The young leeches which are onb 
about y mm long often gain access la the mouth v hen contaminated tester is drunli. 
They have also been reported asenienng ibe vagina and urethra lo bathing in uiletied 
water They attach themselves especially to the mucous membrane of the moulh 
nose larynt or even trachea remaining there several weeks until they reachadniisi.* 

(up to to cm longandtscm wide) They may cause headache and obstinate hired 

ing often resulting in severe and even fatal anaemia In some instances they have 
caused suffocation both by entering and occluding the air passages Maosoo Bahrhas 
reported that they have thus caused suffocation occasionally resulting m death 
A closely related species reported from the environs of apore is I maevhsi 
Other related speaes have been found in Senegal and the Congo ba m Maswla said 
he found la one instance smquatideech IUeotoptt<attlUif<s fired lofhescJemeiwneal 
limbus 

ttaernaiipsa eeykinf^ » related species is a land leech found in India tb* Pbihp- 
pines Australia and South America They are only about 1 inch (25 mm / long ass 
are slender Tbey leave the damp earth to climb shrubs and from there drop on 
animals or aao passtog through the forest When the leeches are numerous amirad 
have omeutne* been Qled by the Urge amount ^ blood abstracted aad evenhuoas 
bejngshavebeenreported to have succumbed from the repeated small bleedings ibw* 
bites are painless but may be followed by ulcers Tbey also may get into the no IW* 
They will even penetrate thick clothing in order to reach the skin 

Trealment 

M hen fully engorged thelsndleecb flaemodtpta etjUmea dropsofl Itsreroovs' 
may be hastened by touching it wiih a strong cocaine solution which patalyst t“ 
leech and It quickly detaches Itself Removal may also be hastened by applyms'tioog 
vinegar to the bite The w orm should not hastily be pulled off lest part of itj *f the 
jaws be left in the wound and a phagedaenic levion develop If the bleeding codUouM 
for some time the How of blood may be arrested with a styptic pencil 

In marching through jungle land it is very advisable to protect thebodylroinat Jcm 
as leeches can at limes penetrate even rather thick clothing Therefore the vftinn d 
leather boats is advisable , 

Since persons infested internally with Ltmtahs niMica usually acquire it fromdna* 
iBg water rare should be taken only to drink water satisfactorily filtered 01 bov'ed 
The leeches lodged m the nasal passages or in the pharynt may be located with * 
speculum and touched with strong cocaine solution when they promptly detach them 
selves Iflheyaresituateddeeperintbepostenorpharyn* larynx trachea 01 bioachi 
the patient should be placed in the Trendelenburg position before attempting to awies- 
thetiae and remove iheni Otherwise they may be drawn further into the te piratory 
tract and perhaps cause suffocation Occmioiully tracheotomy may be 
remove them If they escape into the oesophagus and pass into the stomach t 
parasite is rendered harm/ess by (be gastric juKe for leech infestation 0/ the 
urinary tract, irrigations of strong salt sohtion have proved of value in removing a 
killing the leeches 

Refexenci^ 

Slfonsyloides 

De Paulo, E Sdva G S Strongjloides stercorahs in the duodenum Br« l-Iftd’" 

fa,3js WS 
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Chapter XLVl 

FILARUSIS, ONCHOCERCIASIS AND DRACONTIASIS 

Definition — Under the term filariasis there are included morbid con 
ditions produced Lj certain parasitic nematodes of the superfamil) 
FiLARloiDE \ the adults of which ma> live in the circulatory or lymphatic 
sjstems the connective tissues, or serous cavities^ while certain larval 
forms, often termed 'microfilaria ’ commonly invade the circulating 
blood or the lymph spaces 

From a clinical standpoint, the term filanasis is in some respects 
unsatisfactory Employed m its broadest sense, it obviously implies 
infestation of the host with any species of the superfamily and hence 
widely diSerent pathologic conditions may be included under it Hence 
special terms that Mill presently be discussed have been introduced 
to indicate more clearly a number of the more important pathologic 
processes produced by the parasites 

Classifieattoa —The five most iraporunt tpKiea of the superfanuly FiiAWOiSE* 
nhieh infect man are 

(0 II iaxeftf/n (Cobbold 1877) Seurat 1911 Synonym fderw ieeewA* 

Cobbold 1877 

(») Lea lea (Ouyot) Castellani and Cbalmcrv 1917 Synonym Ttletia lea Guyot 
1778 

(3) Dipftalonema ptrsUnt (Maoson 1891) Yorle and Maylestone 1916 Synonym 
Aconthochtilenema perslane Manson 1891 

(4) Onchoctrea soltulut (Leuckait 1893) Railbet and Henry 1910 Synonym or 
variation O teecuheni Brumpt 1919 

The guinea worm Drancunnlut medinemis (Linnaeus 1738) Gallandat i 773 

Synonym FWorm mrdinrniii (Linnaeus 1758) while a species of the superfamily of 

order Jilarioidea is no longer classified in the family IiiAatiDAE but m that of 
Dbacckculidae Leiper 191a (Philometrida Baybs and Daubney ipjS) It is also 
of special clinical significance and the cause of important disease in man 

Infestation with these respective parasites is discussed under the 
following terms (i) Filanasis due to U tccAerena 6a»rro/(t (*) dipetato 
nemiasis (3) loiasis (4) onchocerciasis, (5) dracontiasis 

More than twenty speaes of filaria have been reported for roan However at 
present a number of these are not recognized as valid In addition to the species men 
tioned above only ilcnsonclla e ardi ^tlana 9 tardi (Matison 1897) also known as 
Filarsa demarquayi or Filaria fueumana (Biglien and Araoa 1917I Dtrefilaria rnataWes' 
and DtrojUarta repens and Loo »Bjuire»»do (Maplestone 1938) are known to mfect min 

Zoology —The adult parasites of the supeifaimly or order riLAWOniEA VVtinlina 

1838 Stiles 1907 are long filiform nematodes in which the mouth is usually simple End 

without lips occasionally bounded by cbitmoiia structures or by small insigaifi^t 
lateral bps The buccal cavity or vestibule is absent or very rudimentary Tfce 
oesophagus IS cyhndrical and frequently divided mto two parts a muscular anterior and 
a glandular posterior part The intestine is nrapk and sometimes atrophied posteriorly 
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Chapter M.VI 

FILARUSIS, ONCHOCERCIASIS AND DRACONTIASIS 

Definition — Under the term filanasis there are included morbid con 
ditions produced by certain parasitic nematodes of the superfamily 
Filarioide^ the adults of which may live in the circulatory or lymphatic 
systems the connective tissues or serous cavities while certain lanal 
forms often termed microfilaria commonly invade the circulating 
blood or the lymph spaces 

From a clinical standpoint the term filanasis is in some respects 
unsatisfactory Employed in its broadest sense, it obviously impLes 
infestation of the host with any species of the superfanuly and hence 
widely different pathologic conditions may be included under it Hence 
special terms that will presently be discussed have been introduced 
to indicate more clearly a number of the more important pathologic 
processes produced by the parasites 

Classification — The fi>e most imporlaDt species of the superfanuly Filaiioises 
which infect man are 

(i) W uektrena bancroflt {Cobhold 1877) Seurat ipii Synonym Filarn bancrop 
Cobbold 1877 

(j) Laa laa (Guyot) Castellam and Cbalmers 1913 Synonym Ftlaria ha Gujot 
1778 

(3) Dipetilonema ptrstant (Manson 1891) Yorkeand Maplestone 1916 Sycosym 
Aaanlheehttlontma ptrstant Manson 1891 

(4) Onchocerca toliulus (Leuckart 1893) Itailliet and Henry 1910 Synonym or 
variation 0 caeculient Bruinpt 1919 

The guinea worm Drancunesdus medinensts (Linnaeus 1738) Gallandat iHi 
Synonym Filana medinensts (Linnaeus 175®) while a species of the superfanuly or 
order Filarioidea is no longer classified in the family Filariidae but m that of 
DRACUNCUtiDAE Lcipcr 1913 (Thilomelndae Baylis and Daubney 19*6} It is also 
of special clinical significance and the cause of important disease tn man 

Infestation with these respective parasites is discussed under the 
following terms (i) Filariasis due to nuckereria bancrofli (2) dipetalo 
nemiasis, (3) loiasis (4) onchocerciasis {$) dracontiasis 

More than twenty species of filana have been reported for man However at 
present a number of these ate not recognized as vabd In addition to the species men 
tioned above only ilansonella c ardi (Filana 0 ardi (Manson 1897) also known as 
Fthria detnarquayt ot Filana tucumana ^iglieriand Araoz 1917) Diroflarta magalhaen 
and Dirofilaria repent and Laa tnqutreiida (Maplestone 1938) are known to infect ui*® 

Zoologiy — 'The adult parasites of the superfanuly or order Fuaeioidea Wemland 
r8jS Stiles 1907 are long filiform nematodes m which the mouth 1 usually simple and 
without lips occasionally bounded by dutinous structures or by small insignifiMOt 
lateral bps The buccal cavity 01 vesbbule is absent or very rudimentary The 
oesophagus is cylindrical and frequent^ divided into two parts a muscular anterior and 
aglaodular postenor part Theintestaneissiiziiile and sometimes atrophied posteriorly 
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In DRAcractTLiDAE there is no insect host the intermediate host in this 
instance being a crustacean 

The family FnAanoAP has been divided by 'Vorke and Maplestone into 8 sub 
(icaUes 01 these only ^ the FaaMwaE (sp W uehertrta bancrofl D J/agalAaeit 
D npens) the Loaina* (sp Loa tea and Laa tnqutrtnda) the Oncooceecivae (sp 
Onchoctfca ol ulus and coecubeni) and the SeiA*nvAE (sp D pelaionema Persians 
and P 0 aril) conta n parasites of man 

In the subfamil> Fiiariinae (Stiles 1907) the species Wucherena 
bancrojh (Cobbold 1877) is classified In this subfamily the parasites 
possess a simple mouth not bounded by chitinous or epaulette like struc 
tures and without trident hie chitinous structures on each side of the 
oesophagus The spicules of the males are unequal and dissimilar 
The adults are parasites of the connective tissue blood vessels or serous 
cavities of vertebrates The larvae produced by the adult para ites are 
generally found in the arculating blood and are known as microfilariae 
Infection is transmitted by an insect intermediate host 

Filanasis Due to Wucherena Baacrofu (Filaxia Bancrofti) 

History -The most stnkiag distorbance* produced by H uchetena baner ft such 
as elcphaaliasis of the leg and scrotum were undoubtedly known to tbe ancient Hindu 
writers (600 B C ) as well as to tbe Arabuo physicians Rba es and Avicenna in the 
pth and 10th centun s and were described as elephantiasia arahicum though these 
conations were sometimes confused with tbe lesions of leprosy terreed elephantiasis 
graeco urn by Celsus and Galen Rabelais in bis celebrated Dreams of Panta 
gruel edited in 1565 perhaps caricatures tbe condition and illustrates the same m a 
fane ful way while another cancatute of presented by Blancha^ shows one of the 
Austnin gene als carrying bis scrotal tumor upon a wheelbarrow who tti the early 
wars of the Pays Bas is repotted to have caused the French army to be t a retreat in 
consternation At the beginning of tbe eighteenth century elephantiasis of the scrotum 
was m re definitely described and ill t aled by the surgeon Dioni ( 673- 7 0) a 
patient who contracted the disease in the East Indies In 1750 UJlary more accu 
rately dSerentiated tbe form of elephantiasis CO ected with lymphangitis and ele 
phantoid fever 

However the scientific study of filariasis may be said to have had 
Its inception m 1863 when Demarquay in Pans first demonstrated by 
microscopic examination the microfilariae in h3^roce]e fluid of a patient 
from Havana In 1S66 Wucherer found them in chylous urine of a 
Brazilian patient and in 187* Lewis m India discovered the microfilariae 
in the peripheral blood of a Hindu Tbe first adult female worms five 
in number were secured from lesions of the arm by Bancroft in Aus 
tralia m 1876-77 These were studied and described by Cobbold (1877) 
under the name of Ttfufta 6ancro/(t However Silv* Atajo had ptcvi 
ously in 1877 described the genus and named it fl uchererfa in honor of 
Wucherer which has made it necessary to discard zoologicall> the term 
Ftlana bancrofH 

Meanwhile Man on in Amoy China (who together with Lewis had 
furmshed evidence of the etiologic relationship between microfilariae 
in the blood and urme on the one hand and elephantiasis and lymph 
scrotum on the other) m 1878-79 made the most striking contnbution in 
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In the male the spicules are usually very unequal and dissinular The female is almost 
alna>s considerably longer than the male and the vulva 1$ almost alnavsm the oeso- 
phageal region The eggs are embrjonatednfcen laid or some hatch wilhia the utms 
The adult parasites inhabit the connective tissue the blood vessels lymphatics or serous 
cavities of vertebrates Baylis and Daubney (iga6) recognjaes six families m the order 
while inTotkeand Maplestone a classification (1916) the order is reduced to merely t«o 
families the riusiiDAE and the DtACtWCtaiDAE 



FiC *90— (la) Adult (emale Guinea norm (Draeunt lut wei/ " "» *) show "6 
anchoring hook at poitenor extremity (tb) Crou section of female V Bcanraiiji 
showing uterus filled with embryos (le) Str ated embryos of the Gu P*a worm li®| 
Cy lofi eor nolut th minute crustacean which serves as the intermediate host Ot 
D mtd nrni 1 (2a-*d) Ante lor and postenor extr mit es of Loa lo» 

showing tubercuUted cut cle (*b) Mai andtemaleA loa natural see (jajBulDOtt 
ant r or extremity U ehtrtrta bancr fti (jb) Tail of male (3c) Tail of fetail 
(3d) Male and f male natural s ae of II baacrofl 4 Tumor mass of 0 ro/»«f«r lai® 
open s Mosqu to show ng filanal embryos jn thora c rous les (a) and in I bium (d) 
The Ubella which are separated from the 1 bium by Dutton s membran at seen a 

(c) 6 (a) Embryo of II to ro/<» (b) emb yo ot t foa ahowmg fill ng of tail end mto 

cells 7 M crofilaria of W t ncrofs in blood Dott d ! nes show location breax 1 
cell column and V spot (Not d awn to scale ) 

The Filariidae possess an important biologic distinction from almost 
all of the other nematodes in that in all species ivhose development is 
known ati intermediate ho t is required for the larval stages and one 
individual with the disease cannot infect another Part of the develop 
ment of the parasite takes place in some blood sucking insect which 
transmits the larvae to the fresh host 

In the family Kracunculidae (Leiper 1912) the females are enorni 
ouslv larger Chan the males and the anus and vulva become atrophied 
in the gravid female They are parasite of body tissues of vertebrates 
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77 were infected nitb tf ctefila i t bancrep lie als detected a few cases of the 
disease else he e in South Carol aa and m Jacks>n>i 1 le and Tampa 1 londa The 
lattercasc h wever had precjouslylivedat some time either i Ch tleston or m Cuba 
Spo die cases of i fection ap pear from t me to ti ne in different parts of the United 
St te pa ticula ly in the larger citi s the pnniary infection pr bably havin" occurred 
n subt pical or trop cal countries Poind tier ani J nes (1934) have reported a 
case supp sed to ha on mated s far po th as Wash gton 1 ) C It 1 not no 
end m c any here n the United State 



FlO 391 — C a I d t b t of F ! 


Elialoiv— The tluU p ra te of the sp c es lt«t*ercria 4 /» ate th e dbke 

white and (ran lucent in appearance ith a smooth cut cu] m Mth gh tapcti g 
towards both ends their te nun la are bluntly to ded The head 1 sli htly bulb us 
andi provided with t 0 rows of small sess le p pillae Th mouth 1 with ut bps end 
IS unarmed The oesopha'^shasno distinct bulb like swell ngat the postetior extr m 
ty The males me ure from 40 to e; mm n length by about o men in br adth 
The caudal e t emity 1 cun ed sharply vrntrad Leiper and Faust has d t ngui bed 
twelve pairs of s sslec udal papiUaeof which 
gbt p rs ate preanal and f ur immediately 
posta al n p t on Further caud d there 
are two pairs of rathe 1 tg ses lie papillae 
and at the caudal ertrem ty a It typairof 
mi t e CaulalalaeareofI n d met 
The two opul to y spicules are of un qnal 
length th long one b ng cylindrical and 
t pe mg to a lo g 1 h the h ter nebeio pic *9 —Mai ( ) nd f m 1 (b) t 
trough shaped The f m 1 s in as e from HA 6 ft N tu al $ 

6sto 00mm inie gth witl abicadthofftom 

0 4 to 3 mm The ul a is situated ab ut 06 mm to t 3 nm from tie cephalic end 
The uterus which occupies the greater xtent of the body c ntains th ov which 
measu es about 40U in leneth by ism ui b adtb in the ant no portnn of the ut rus 
well fo med embryos are often contained The o a are enveloped by a transparent 
membrane apparently chon n n oiig n which grad llv becomes stretched out and 
adapts Itself to the len th of the embryo as it trai htens itself and wh ch constitutes 
what 1 k own as the she th of the microGl nae after its ut from th parent worm 
This sheath is frequently 5 mewh t long r than the enclos d m crohlan e and the 
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connection with the history of the disease demonstrating that the mos- 
quito Ctdexfahgans, subser\es the parasite as an intermediate host 

At first JIanson thought that the fully developed microfilariae escaped from tie 
body of the infected mosquito into the water at the time of the death of the insect and 
that man contracted the infection dimking; such water Later Low m 189^1900 
discovered that the larvae undergo further development and eventually pass into the 
proboscis and labium of the insect Gtassi and Noe soon confirmed these erpenments 
with Dirofilaria tmmilii and produced infection ift dogs through Che bites 0/ other 
infected mosquitoes (iHophtUs Fulleborn Manson Baht and others 

have likewise pro\ed that the larvae escape by way of the mosquito s proboscis and 

enter the skin of their definitive host 

Manson in 1880 also described a remarkable phenomena known as 
filanal penodieil) reliting to the time of the appearance and disappear 
ance of the microfilariae in the capillaries of the skin and superficial blood 
\ essel He also proposed to call the larva) form of the filaria in order to 
emphasize its nocturnal penodicily, rtlarta nocliirna Owing to the rules 
governing zoological nomenclature il became necessary to discard such 
earlier appellations though the name of Uicrofilana bancroftt is sttU 
coramonlj applied to the larval stage which is encountered in the blood 

Geograp^cal Distnbutioa — II uchtrttia hancrofli has the most evten 
siv e geographical distribution of all the Fdanidae and occurs m practicallj 
all warm countries It has been found in the western hemisphere from 
Charleston S C as far south as the Argentine in South America and 
m the eastern hemisphere from southern Spam particularly Barcelona as 
far south as Brisbane in Australia It is especially prevalent in India 
and South China extending as far north as Shantung Province and 
southern Japan and southnard]> to the Dutch Bast Indies and other 
islands of the Pacific where in some localities 80 per cent of the inhab 
itants are known to be infected Hargrave reported that fiJanasb la 
American Samoa probably causes greater damage than any other disease 
by reason of the disabling effect and the undermining of the general 
health which mav predispose to other infections Phelps m Amencan 
Samoa reported filanasis as the third cause of death in frequency the 
first cause being tuberculosis and the second pneumonia A survej 
of the native guard and civil employees there showed 18 per cent harbor 
ing microfilariae in the blood However the rate of filanasis frequently 
vanes in adjoining areas in the Pacific islands as has been especially 
demonstrated by Manson Bahr In the present war numerous cases have 
occurred among our troops m the Paafic Islands (See page i j 6 ) 

The infection is also common in Arabia and West and Central Africa In South 
America it is common especially along the northern coast but apparently it has oot 
extended far inland in the Cuianax CoJombia and Pafiaoia ni re Hansondlti 0 
has recently been found more prevalent It is common in the greater and lesser 
Antilles In the United States Charleston was formerly an endemic focus of infection 
Observations upon the occurrence of the infection at Charleston or Mobile m earn r 

years was made by John Guiterras de Saiisure llastin and others and m 1913 Matas 
reported upon the occurrence and treatment of elephantiasis in New Orleans Jo 
lots Johnson found that 79 per cent of the patients admitted to the Roper Ilospital 
in Charleston harbored MicraJUariae in their blood and in 1919 Francis of the Unitw 
States Public Health Service found among 400 individuals Lving in Charleston that 
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host In infection with IfucAem'ia battcrojlt where the insect trans- 
mitters are mosquitoes which patlicalarlj bite fay night as for ecampie 
Ctilex Jalisans the mscroHariae ate found in much greater abundance 
in the peripheral circulation at nigbt than m the day 

£iunDg the wslung hsurs of the pa neat it has bees assumed that they retire to the 
iuDgs kidneys and deep-lying tissuta There is seise post moncia evidence to this 
effect and if the blood h examined la (he day either no micrnhUtue are found or oDiy 
one or Vwo ui a Jong Match Toward evetunj they bepn to appear w jradually wcteas 
iDg Qumbers until about midnight it a sot uousuaf to Sod «i nuoy as 309 or eveu 
600 ID every laige drop of blood. hfsMoa Dahr cafculaied that in severe infections 
there may ^ as many as forty or fifty miliioD s muttaneously circulating m the blood 
vessels Alter aidcight they decrease gradualiy tow and Manson Baht found such 



Fio *os — M I irurJi u iaacr P t n n 4 froro lympbat c ve to {«r 
ulu (After S ndgr and ) 

periodmty la ne patient for ss long as twelve yeais In tea ha uifeclion on tie 
tier hand where the vector is the CUrystpt Hy which bites by day the microfilariae 
are more abundant in th ciicolat ng blood during th daytime than at □ ght This 
occurrence onginally led the late Sit Fatnci Manson to rtf r to ih se nicrofiUn e as 
if itro;War <Kf utna and itKrefifartsneriHrna wspetti'itiy 

That this phenomenon of pe lod aty of the fiUti e is in some way profoundly 
nSuenced by the si eping habits of the defin live host has been shown by the fact that 
in B uckcferiat jic afection the penod aty can n time be reversed Itheindividu 1 
sleeps by day and 1$ up and about at Mghl Thu was first shown by Mackeni e The 
wiCMfilanae then become most numeroos n the penpheral blood during the daytime 
In Lea loa infection where the perisicsQr is d uniat Low found ibai ibis re ersal 
caon the effected as easily andintw caesdidn t occur in sit days KuU however 
has shown that it may gr dually take {dace In nfection with Pifelahnema ptrflatis 
and Ottciocrrra sal a/aj end caecuhait e^iere the osfct transmittefs bite by day no 
such period aty of the microSiartae has b « observed Also in some of the islands 
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organjsro is thus able to nio\ e back and forth witiun it W hilc most zoologists believe 
that the sheath is a modified vitelhne nunbrane \ugustine (1037) from the study of 
another species of I <7gri;I/arij which occurs in ffround doses believes that the sheithu 
merely the result of an incomplete eedysis In other species of theri/unii/df such as 
Dipetalonema pershnt the larvae hatch or escape from their sheaths while still withia 
the uterus of the adult female which is thus viviparous 

Microfilana — The fulh mature female gtv es birth to an enormous 
number o{ the lar\a\ forms or microfilariae These after leaving the 
parent worm either remain in the l>mph or migrate the lymph vessels 
to the blood stream Hhen seen in fresh preparations of the peripheral 
blood or Ijmph or in chjlous unne, they have a very lively motihty 
They measure from 125 to 32031 in length by 7 to lo/i m breadth 

The cuticula is smooth the head is round and at the anterior extremity a protrusibic 
tainute retractile rod or stylet can sometimes be seen On vital staining or lo fixed 
preparations stained with bematoxylio or Giemsa s solution the sheath as well as the 
tuner structure of the organism can be more clearly differentiated Four equidistant 
papillae OB the oral end have been noted by Abe The tail is distinctly pomted The 
body of the larva is composed largely of small subcuticular cells The central ax» 
consists of a column of cells with deeply staining nuclei loterruptions in tbe stain 
ing and the position of these cells are interpreted to indicate the location of certain 
antage of the worm They relate particularly to a first break in tbe column of teUi 
about to per cent of the length of tbe organism backward from (he anterior extremity 
perhaps indicating the nerve ring to a second btaboe V-skaped space about 30 per 
Cent from the anlenoc end representing tbe undeveloped excretory pore and adjaeeot 
to It an excretory cell and thiid toasoDeukatsimibr but smaller spot a short distance 
from the end of the posterior extremity which has been termed tbe tail spot and wbeo 
probably represents tbe incipient anus or cloaca Pour genital cells can also frequently 
be distinguished in the posterior portion of (be organism three being situated dose 
together in front of the anal pore and the foutlh and largest about 70 pet cent of the 
length of the larva from tbe anterior extremity The relative position sad distances 
of these structures or aniage from one another together with the sue and relatioa 
of length to breadth are somewhat roostaot for tbe species and are utilued for the 
differentiation Thus in Itiifkrrmo 6o«cro/t« the terminal 5 per cent of the larval 
form IS free from the rod like nuclei which serves to di tinguish it from the larval forms 
of Dipeialontma and Loa in which the nuclei extend further to the tip of th* caudal 
extremity Also what is known as tbe Innerkdrper of FQllebom consisting of a 
rod staining mass in which way be distinguished a series of discrete nuclei on a blue 
background extending for one tenth the length of the worm distinguish it from Jf 'cro- 
JUarta loii Fulleborn and Rodenwaldt give the following location of tbe e structOfB 

of value in diagnosis in MtcrcJOariahjncro/ti nerve ring 20 per cent distance from the 

anterior exlitnuty excretory pore ap 6 per cent excretory ctU 30 6 pet cent gemw 
cell No i,706percent anal pore Si^percent genital cells Nos » janda s'tusted 
immediately in front of the anal pore 

There has been no true cultivation of microfilariae m vitro though they have some- 
times been kept abve for example in defibnnated blood m test tubes for as long *» six 
weeks but with no definite development 

Filanal Penodicity — sinking phenomenon first noted by Manson 
in 18S0 regarding the time oi the appearance and disappearance oi 
microfilariae m the capillaries of the skin and superficial blood vessels 
is referred to as filarial penodicitj In explanation of this it has heen 
suggested that in some vpecies of FilanidAe there is more or less definite 
adaptation between the habits of the microflanae and those of the msect 
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Although much work has been done upon the subject both in earlier 
and in recent >ears the penodicit> of filana has never been sitisfactonlj 
explained Among man> theories the following have been espeaallj 
advanced in recent years 

1 That it depends in some way on tie houn f rest sleep and activity since the 
[ eriodicity may he reversed by eha gin^ the hah ts of the infected individual 

} That It IS related to the habits of the insect host of the larvae the insect host 
that tran nuts the infection 

3 Clayton Lane espeaally bell ea it depends upon a daily cycl cal partunti in 
of the female filana with the daily d struclion of all the mictofl ni He believes all 
of the microfilariae are bom at a rerulat hour e ch day and after a certa n interval 
teach the per pheral circulation In his recent articles on the subject he states that the 
daily de tiurtion of microfil nae ts act mpbshed by the eticul endothelial system 


A*au Jam Baahs. Am latma nula ata lA ASy u*l Suu M mil 
AmJmcy A f Thr«i jurs. 

Apni, 1110 n ta *s so 



0 Connor demonstrated that in some instances by the ex minition of serial secti ns 
of adult female worms itmoved surgically from patients nN w Lork City the uterus 
at a certain pen d i the day w s completely tilled with etn> ryo whereas at nother 
p nod the uteru wa empty anl collapsed O Connor and Ilulse ( 93 ) tho ght 
that the microfilariae w rebornatab ut mid day and that some time »a spetitmther 
filtering through the lymph t cs so th.t they probably would begin t acres e in 
numbe n the penph ral circulation in the eve ng H >ever inasubs q entreport 
lou d am ng the papers ol the late Dt O Oonanr and published ftei his death {J me 
1938) he w re th t while there wa evidence from hi f met w k performed with 
Kulse that pa tu t n occurs abojt ooa Ir mh slast ca e in wh ch til nal tissue was 
removed by pe t n he felt that p rttinti n alw ys occu s about n ms not upheld 
by the pres t ev deuce Ithough it see ns t have been imm neat at the t me of oper 
ation Th pe t n w s perform d at * 45 P ™ ^ 1 ° * *r everi if partunlion 

always occur ed about noon such a conditon would only e plan filarial periodicity 
provided that a c mpa able destruction of the microfilariae occur ed sh rtlv after n d 
night and second that the female wo ns are capable of producing each day such an 
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of the Pacific as in 1 ij< the microfilarae are non periodic and are often found in ibe 
blood in great abundance during the day It «as formerly suggested that these non 
periodic fibriae of the Pacific Islands were the progeny of a parent worm specificallv 
distinct from II ucliererta bitiirrofli but Leip r (ailed to find any anatomic difference 
between the I ijian rvorm and II bancrt/U of other regions Manson Bahr and fuffe 
born also lovitid the ttucrotilariae o( these diffetent countries identical Mansoti Bihr 
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meal In the case of Mj hancrojti the embryos after arriving in the 
stomach of the insect if they are still vnthm the sheath escape from 
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the sheath within a few hours after ingestion Within 24 to 48 hours 
they have migrated through the gut wall to the thoracic muscles of the 
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rnormous number ol microfilariae There is no scientific evidence yet that such 
destruction and rebirth occurs 

Hmman (193s) bas demonstrated that in dogs where the question can be studied 
more accurately and extensively cyclical parturition does not occur with DiteSinn 
immitts Regardless of the time of day of the examination the adult worms were 
always found to contain many active microfibnae He also produces evidence tosion' 
that it seems highly improbable that the adult parasites could produce daily the ouBibet 
of microfilarue found in the blood 

There is much evidence also to show that microfilanae live for considerably longei 
than twenty four hours in tbe circulating blood Rio (1935) has found that micro- 
filariae survived »« n/rafor 4 to 6 weeks under aseptic conditions while llmmati (1935) 
found that microfilariae of Diro^an* imnitiit maintained their activity in incuWtors 
at 30 C for zo days in citrated blood 

Undenvood and Hamood (1939) transfused intravenously an uninfected dog with 
blood Containing approximately 133 000 microfilariae of Dtrefilarid tnmilts Some 
but comparatively few of the microfilanae appeared m the peripheral circublion follow 
tng injection How ev er these survived in the blood stream of this dog for more than 
2 years though do increase in sue of the embryos was noted at any time At autopsy 
of the animal about two and one half years after the injection of microfilanae no 
embryos could longer be found in tbe blood 

Rao (1933) reported s cases with filarial cysts m which the adult filstue were 
removed with Ihe cysts by operation in one tbe microfilanae disappearedcompJrtrly 
between the second and third month after tbe cyst was eicised m the other yodsyi 
after the removal of the cyst and adults In these cases there was apparently no tudden 
or large daily mortality of the microfilanae 

Knott has reported a senes of transfusions of human blood containing the micro 
fiUnae of 11 uclitrtnd bancro/u into non infect^ humans After a number of faitoei 
he states one transfusion resulted m viability of microfilanae for u days and the 
observation of typical nocturnal periodicity of these transfused embryos This patieot 
bad received tj$ ce of blood containing 4 000 microfiJarise per cc a total of some 
700 000 microfilanae The writer and also Hmman (1937) thought this enoence 
verv conclusive that the microfilanae lived for at least 14 day s Connert reports that 
he injected himself intravenously with 160 cc of blood from a patient infected with 
Loa loa and ^rslant AATule most of the nf lea disappeared from 

the blood in the first few day s some of tbe mj ftrsUtm persisted for as long as 3 X**’’* 
The author bad never visited any Kgion with endemic filinasis and so the possioility 
of latent infection could be excluded 

Hinman (1937) moteover bar coPtinatd observations of adult Virffloud mactiucial 
media in vitro consisting of blood serum diluted with saUne and Finger s solution and 
has found no evidence whatever of cyclical partuntion but only that there is a more or 
less continuous parturition being earned on Hmman taust and de Cakey (>934’ 
also transferred infected blood into a non infected dog Active microfilanae were 
found in the recipient s blood for a period of over six weeks 

Harley (193s) suggested that there was a cherowtaclic substance m the sahva ol 
insects which produced a stimulus for cyclical parturition Ifowever ffinraan has 
been unable to isolate any such substance from several species of mosquitoes though 
0 Connor showed Culex /a/iganr could abstract many more microfilanae from the 
blood than Aides aegyplt Khalil (1938) believes that the site of the adult filana in 
the human body may be a determining factor as to whether the microfilaria is periodic 
M nonperiodic However this has not been demonstrated and obviously the mechan 
ism of filarial periodicity is still unsolved 

Transmission — With all the mtcrofllanae an intermediate host is 
necessary for the further dev elopment of the parasite and w ith the excep- 
tion of Dracmctilui medtnensts, the intermediate host is an insect K hen 
the appropriate insect host sucks blood from an infected individual the 
microfilanae pass into the stomach of the insect together with the blood 
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13 Annphelt! hyttanvstit nntru $ Chua Jspsa 

14 An'}phcles ludlevm var tvrdaiat India 

15 Anoph^ies (3{y itrkyitchus} mimmus Traftncorc 

16 Antpkelei paSiJui India 

ij Anophelf) pf>] ppintaiis India 

16 4no^AcI<s psiudojamfs\ India 

19 <4rfff/Acfej »trt }alii Kcw Guinea 

le * ^^est Africa (Sternl^Ge) ifjt 

aa Afiopkiles (iftemyia) roiii {A tuk^efnt] India 

11 dno^fte/es JSuamoiu! ^^tat Afnta (Sieml^one) 93a 

!$ Anith l<! sffpioisi India 

14 AMpheUt emiei <t Queeeahnd 

15 Anephclu foruna India 

t6 Ct lei fatigHHi (C ji nf lefauiatasi Ouna India Egypt AuatraJia \^est Indies 
AntiUea Tnnidad Philippines Pacific Islands St Lacia and Charleston South 
Carolina 

Cultx ptpitas (C palleat) Central China Japan Egj-pt (Cairo) J033 
>3 Cukx iilaui India 

29 llamofiia (ifsffseRioider) g e« delitifhin Malaysia 

30 ifanteHta (ilaiuamoid 1) nni/ermfs (seu g/rintit a) Central Africa 

31 l/anianin (dlonrenioidei) omul /era India 
34 Ilsnienia (^fantonia d(3)3 «!<• Bratil 

Undoubted^’ other ipcc t mai be f unci i be tppropc ate h ts as othe m eat 
gat on in made Un « tr aixt m n(*l demotistrai ons n the at ry d not 
neeemnly nd cate «h tall f ibesp cesof mosttuit esinnhchthel r aeh veeom 
pletel) develojicd < net tue common inteton d ate hosts C fit jSR.i < pipirni i 
or rgofis and ( run and // a particula 1) common I ansmitt i \e (>93^) 
r ports that iP c filar e ba <■ ft maj al d< I j n th ssndftv Pbl i I ki serf 1 h 
( ar m n* lens ) 

S.n ght ( 944! has summar e d our present Inovklclj: tv teg d to the t an m ssion 
f the infecti th S uth Pacifi and tusiralia as f iio a Filn las a a; pea at be 
p dom nanti) nocturnal from South Qu n land through Sea ( u nes to the h lorn ins 
and \e Uebrde The chief ect of the nocturnal f rm n Wt a( is th night 
h ling d ffl St cand d h t| radt ! t ' ifr fjie It l-C‘l / frfcrr > In ^ew 
Gu es th re und ubt div nother vector (nr the reg ns ut ide th fe area of 
perma nt hit »cul m m Theanrph t nes mat w !1 b themostimp tant ecto a 
m those area (or tu pi its pi dilol s <subtpe le riot speefedi has b en found 
Hat ativ nfect d tb 1 <a la in Neu Cu ca b> flackh u e and I{e>don In add tion 
ile»d>n bia n d art t al f tio n f pkeftan It In the Solom nsandNew 
Hebrides pdem logical ev dcnce oilld nd at th t lue^Arfr p inci lal it fotoi I 

In the f jis and in P Ivne ta AU us s is eUt W non per od c aith the tendency 

be ng t ards a dumal sIra n II e the vector is day b ting m aqu to -lei/rj 

1 1 II I p f i 1 I llj s nhch breed a all t>( a of n tu al and a life al ater 

hold gconC ssttchasha! elc conat^ its treeb lea Intans ra n bar Is etc 
PATHOLOGY 

Inman m lane s nahebih pesraeofth adult filar 2I pan tea tn the body s 
r ogn d bv the occurrence of m croflat « n th bloid the ps as tes eterc sc no 

r gn able n;ur us nllaenr r pathologic changes On the other band mm ny 

c ses g 3 e 1 s n suit Som author Iks who have a very wide exp lence th 

Wat ass ss> th l vn m rv. or rr> at rasas vVi* para tt entst sea n man Seat >n)ui as 

nfluence ahatso tMan>on <j 8; How er O C nnor and Hul e ((931) have 
ti rn that iitsmp ns kh en<«< «ipl net ef s>fftpf.o« and a t a a ar 
of an\ d tuthancf marked t ath 1 gic changes assoc aled ailh filar a! irifection m y 
rvreu \ar us stage f nfl mmatory cacti n «ird fbr s acre ( und b> these 
auth s bo CadoUflai mth ) mphatcgiairlsremovel b> oircralionfr mafatent 
who had no 1 or kn r»! dge cl Ibe i c > C nd 1 n 

Und ubtedly m many cases w th mictoQuue in the bl od no mamfestatjoo of 
d scase may be tt ted (0; long periods as Im has pobted ut ITonever its emspos 
AlUued complete in lopmeni ir* ncont of sir sn/rct an is nalure 
Uncommon in S erra Leoai enj keisre tmmporla lot g kesl 
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insect where thi-j soon change consiilerabl> m form becoming shorter 
and stouter and more sausage shaped but with a sharp, tail like process 

They now have lost greatly their active motility and finally become ijuiescent In 
the further development one of more moults (shedding of cuticle) take place and mtie 
course o( a week considerable changes o^r in their internal anatomy the gilt rectum 
anus and body cavity having become differentiated During the course of another 
few days the larv ae increase considerably in size becoming more slender and elongated 
and again take on even more active motility Still later they begin to migrate from tie 
thoracic muscles chiefly m the direction of the bead though some of them pass into tie 
abdomen particularly in the malpighian tubes and m the fat body and evea into 
the legs of the insects and undergo development (here ^tany of them penetrate into 
the muscular labium of the protiosvis The final infective stage of the filaiiac measur 
rng from about r to a mm in fengthand about ao^ wide may be found in tie pfobesr'S 
usually in from i a to 34 days after the insect has imbibed infected blood Depending 
particularly upon the temperature and moisture or perhaps to some eatent upon tne 
species of insect the complete period of devefopment in the insect may take from 10 
days to 6 weeks 

When the insect again /ecds on human blood, the niicrofilanae some 
times several at a time moving downward through the labium break 
through Duttons membrane when it is put upon a stretch by the wide 
separation of the labefla at (he lime of the feeding of the mosqvito 
Arriving on the surface of the skin of the Jiuman host at or near the point 
of puncture, they then penetrate the skin and reach some part oi the 
lymphatic system, where the potential males and females are believed 
to grow to setual maturity “I he females become fertilised by the male* 
and new generations of microfilariae later reach the blood stream of the 
host Eventually some of the adult parasites give rise to the different 
pathologic conditions It is not known how long it takes for the larvae 
to become mature but it is probably many months before the femaie 
begins to give birth to microfilariae * 

It should be noted that there is no multiplication of the larvae m toe 
insect The larvae taken in at the time of feeding of the insect merely 
grow and become transformed into the infective stage in the mosquito 
The complete development of the larval forms of H m/iererta iiirtcrofti 
has been observed in the following mosquitoes 

I Ud<i attyplt UcrtA/rica Soutb ttalcs Dutcb Guiana 

3 irdM (riiifoyd) idgni Japan 

3t Ud<s ianeiaius fSlcp icut llant) Samoan and Tiji Islands 

4 Atits ochraceus * Nigeria 

5 Anopheles {hyssorhynehus) alhtmanus Canbbean 

6 Anopheles albilarsut Brazil 

7 Anoph les {AHophcla) olgentnm • Turn* 

8 inophetes barbirosirts India 

9 tnophclesthPy omyn) gambftetl costaJt*) West Africa 

10 Intphelesf liginoins India 

11 Anophetes/iinesliis West Africa (Sierra Leone) ipj* 

12 Anopheles hyreanus V3r nigefrinus IndiA 

I One instance reported by i If Taylor tit \iteria U93°i 

• Reported by error accord, ig to Senetet 

Some suggest from 9-** montb* In some ustaoces sections of the glands have 
revealed immature parasites in individuals who have resided less than 6 months m the 

™ no^Ai lodes se«teI!or,s var fis , do scuMlans 
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be calcified Inflammation and degenerative changes as well as dis 
turbances of circulation in the lymphatics ma> be brought about by 
dead or calcified adult parasites 

0 Connor (1932) has concluded from his studies that the adult parasites 
while alue m the tissues give nse to no serious inflammatory or obstruc 
tive phenomena nevertheless obbteiative endolymphangitis ma> appear 
On the death of the parasite however conditions ate quite otherwise 

Degenetat oq of the adult parasites may occur in one of three ways by calcium 
deposit m the worm by lymph coagulation or by a combination of the two He also 
thinks that 0 long as the microfilariae live there is no e idence that they damage the 
tissues However dead worms undergoing disintegration and absorption probably 
liberate toxic substances which may givense to acute lafiammatory changes The most 
marked evidence of acute inflammation 10 his cases was about worms undergoing degen 
eration 0 Connor belie es that the acute inflammatorv reaction m filarial lympban 
gitis IS allergic m character and corresponds to a period when sufficient protein 1 
hberated from recentl} dead worms to overcome (he res stance set up by previous secsi 
tiration Such reactions when due to nuniioum amounts of protein might be 
subcltnieal in degree as seen m localised lutearu without definiw inflammatory 
attacks transient nses of temperature local pa o without inflammatory phenomena 
while when large amounts of protein are liberated the typical inflammatory mam 
{estations oi filamsis result Acton and Rao (ipjo) in support of this allergic hypotbn 
SIS have also reported a senes of cases with urticaria and eosinopblia believed to be 
due to the filarial infection 

The dead degenerating and the calcified ad ilt parasites in the tissues of the host 
may gi e i e to mflaminatery changes even when bactena are absent These may be 
subacute or more ebron c eventually bringing about fibroiic ebaoget However the 
writer has found particularly in studies in onchocerciasis that the bvmg parasites may 
also cause subacute and chrome i flammatory changes To what extent these are due 
to the novenents of the adult parasites and the almost cosUnuoui passage of enormous 
nunben of microfilsnae through the tissues im nediately su r unding the adults and 
to what e t nt they are due to toxins 0 metabolic products from the parasites is not 
clear The eosmoph Is are frequently (bough not invariably numerous m the t ssues 
in (he V c ity f these paras tes The living adult UocAererta bancre/u in the lym 
pb tics of the host may also give rise to proliferation of the endothelial and connective 
t ssue cells resulting eventually m the formation of new tissue and frequently producing 
chr me obliterative lympbangit s nd thicken ng and enlargement of the part (elepban 
tias ) In some instances a lymph th ombosis may form about the parasites About 
the adult filan e th t are more o less degenerated infiltration with lymphocytes and 
plasma cell may be observed to have taken place with later an invasion with fibroblasts 
and the formation oi fibrous t sue sometimes enc psulating the parasites Foreign 
body giant cells may also be obser ed Such changes may lead to complete blocking 
and fi 1 obliteration of the ongmal lymphatic vessels O Connor has also reported 
that d generating microfilar ae especially in hyd octle may cause tissue changes 
such as local areas oi necrosis and piiMerat on of connect ve tissue about them In 
0 e in tance masses of m c ofilaiia were found n a polyp bke growth of granulation 
tissue at th reflection of the tuiuca vag nalis He has also observed the calcified 
sheaths of microfilariae in the subcutaneous t ssies in elephantiasis of the leg 

Lo t n J Adult Paras la — The adults of both s es often me t icably co led 
together live m the lymphatic vessel bout the abdominal cav ty in particular They 
may b found f m the thoracic duct d wnwaid t the lymphatics of the lower extremi 
ties especially in th se of the groin However they may be present m the lymphatic 
vessels in any p t of the body Comm n sites are the elepha t id tissues of the 
external gemtals and the mamm ry gland the lymph glands of the extremities 
abd minal retropentoneal regions about the Ldneys and the epididymis In Japanese 
cases h] yake found them pa tcnl riy in the inguinal and femoral glands and in 
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sible if a large senes of cases vert earefnUj folfoiyecj up for a period of years tliat sobc 
of them would develop symptoms of some sort and anyone nho reveals the preseflceof 
infection is potentially liable to attacks of filanal disease Tbe number and locatios 
of the parasites and whether they are alive or dead may also tndueoce the clinical aaiu 
festations of the disease In many cases of infestation in which there are no unfavorable 
symptoms the presence of eosinophilia which may be moderate or pronounced, and is 
common m certain other helminthic infections demonstrates a probable tone (Sect of 
the parasites It is now well recognized that patients with elephantiasis of filanal onpn 
may fail to show microfilariae to their blood Ilence the absence of micro^anae u a 
case of elephantiasis In no way justifies the opinion that tbe elephantias s is not filarul 
in origin As a result of lymphangitis lymph stasis and blocking of the lymph chan 
nets the lymphatica draining the affected area my he so effectively obstructed by the 
parasite or the products of inflammation about it that the microfilariae may he pre 
vented from reaching the peripheral circulation Sometimes operation upon in 
enlarged fibrolic lymphatic gland or a group of such glands may open up new channels 
of circulation from the mature female and may lead to the appearance of nucrofilanje 
10 the blood which had not previously been o^erved there Afanson Dahr notes that 
adult filariaeof both s»es in large numbers have been found in enbrged fibrosed lymph 
glands the epitrochlear for example without the presence of the correspondmgnucro 
filariaein the bloodstream In manyinstancesafso tbe adu/t parasites may died 
particularly during attacks of lymphangitis 

The pathologic processes doe to filanae which produce clinjcal »anifes 
tations are obstruction of the Ijmphafic channels of a progressive nature 
and inflammatory conditions associated with fever Bacterial in/ections 
due to streptococci or staphylococci also frequently play an impoitsct 
role jn the production of some lesions Perhaps the commonest effect 
of the adult parasite is the obstruction of the circulation of lymph in a 
part In some instances, a single worm or a bunch of worms may block 
the thoracic duct and act as an embolus or may give rise to a thrombus ^ 
the worm mav cause an inflammatory thickening of the walls of the 
vessel and so lead eventuaify to obstruction and occlusion In other 
instances the smaller lymphatic vessels particularly of the glands may 
be similarly occluded jAs intimated the occlusion of the lymphatics 
may prevent microfilariae from reaching the blood stream and their 
disappearance may occur immediately after localized ly mphatn. inflamnw 
tion If obstruction by the adult parasites takes place as high up as the 

thorauc duct large varicoseddafionsofthethoraccicandretroperitoneal 

lymphatics may be produced Similar obstruction of the large abdominal 
lymphatics may give rise to chyluna if transudation of chyle through 
the distended or ruptured lymphatics into the pelvis of the kidney, the 
ureter or bladder occurs Vancose dilations of the lymphatic 
of tbe inguinal iliac testicular spermatic regions and of the skin of the 
scrotum or labia may also occur Hydrocele frequently results and the 
incidence of hydrocele has been shown in India to be high wherever 
filanal infection was high where filarial infection was absent, hydrocele 
was found to be rare The lymphatic glands are also frequently affected 
by the obstruction of the lymph flow due to more or less acute intotn 
mafory or chronic fibrotic conditions caused from tbe presence of the adult 
worms or embryos or their toxins Living or dead and degenerating 
worms are very frequently found in the glands and the dead norms may 
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blood Also the blocking ol the lymphatics may cause the death o( the adult dlai ic 
Ifeoce fitaiiai elephantiasis may be regafd d as a fate seitue! of filanai disease in which 
there are freq lently no longer microflanae m the atculating bio 1 tl c part becoming 
progressively larger following rep ted attacks of lymphangitis and fever 

Anatomically there is a condition of hyperpbsia and hypertrophy of the skin 
and subcutaneous tissues lit a part of the body in uh rh lymphatic and often venous 
obstruction has occurred It is the higher degrees of lymphatic hyperplasi in which 
there is tumor like solidity which are termed elephantiasis 

Histologically the cond tion vanes greatly according to the inflammatory stage 
There is pnmanly an acute mflaeamation of the co turn and subcutaneo s tissue later 
hypertrophy and oedema in whch tiere i$ more dffise in(! mmation dilation and 
sometimes thr ratio is of the Ivmphalics veins and artenes and finally byperpla la 
of the connective tissue cells and ctihila int Itration with polymi rph nuclear eosino 
philic leucocytes macrophages and plasma cells di tributed about the lymphatic 
ves els In tbe earlier stages where the tiss es ate softer and grayish white there is 
usually much niuco d oedrmatojs tis ue The consistency hov ever vares and some 
areas are composed of r chly cellular granu'atioa tissue In these the plasma cells 
are Irequenily numerous both in the sk n and subcutaneous tissues and numbers of 
them are roultinucleate Large ovoid mast tells may also be present The folia en 
maienaf becomes gtaduafly increased in bulk and arranged in coarse bundles parade! 
to the skin F nallv there is more marked hvp rplasia of the connective ti su and a 
general fib osis results tl e soft sv> Hing having gi cn nay to the hyperpUstie tissue 
In ad anted cases the i tramustular tissues m v also be mhllrated by tbe e nnecti e 
tl sue growth and the vessels muscles fat a d nerves g adu Uy de t eyed The 
skin beeames greatly thick ned It cnav me sure s veral inches m thickness and be 
very dense and fibrous Ileneatb t the tissues tn y be very edematous and 1 1 bbery 
and eo la n much lymph The sk n is $< to times stno tb but i equ ntly is pap llsry 
or verrucous and somet mesrodular I om tbe bard hyperi Usia of the cutis and sub 
cut s Somet mes it sbows deeper t igmentati n than is normal 

While II tiehercri'i baiicro/lt is apparently the commonest cause of 
escleinic or tropica] elephanitasis bacteria] inieriion may also bring 
about a similar condmon Also there are congenital and sporadic forms 
of different etiology Shattuck (ipiol in an excellent article has enumer 
died and discussed these various forms and Kaufmann and Peiminn 
(tgiq) have given further details of the pathology 

'Unson Bib (1936) recognise from n dm csl standpoint the following forms f f 
elephantusis m man 

(i) Cungenilof 0 / 1 1 d— generally kn wo as Milroy s or Meige s disc se stenosis 
of ma n lypipl atic trunks 

(j> Pa asU c — due to II i n tfh or O eof vf t 
t3> ^tpi c— lymph tic infect on by streptococci 
(4) Tar;c -bv absorpli » of irntal ng ton su f s chrrs robin 
(s) Ofc (ru«li«-~due to tubercul us gl nds catcinom t u growth syphil s 0 
y ws or to surgical remo al of ms n chain of gl nds 

(e) 1 1 ut — secondary t venous th ombos s such as pkl | or o ofbo doltns or 
wh te leg m pittunent wome 

The ojinion has been rather generally expressed that lymphatic obstruction alone 
does not give use to trop cal clepbantia la Aetu By our knovlelge of the exact 
eau e and manner m wh cV elephant sis occurs is m certain particula s still obscure 

The patJiologic changes whwh occur in the tissues in the immediate 
Vicinity of the parasites consist of an inflammatory reaction sometimes 
Vvith necrosis followed by fibrosis These changes probably result from 
toxic secretions of the parasite from mechanical irnlation produced 
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mammary cysts In Manson Ralirs studies they were situated in superfioattbscf'sej 
and in the epitrochlear inguinal and femoral glands 

The single worms are so slender that they are very didicult to find la the tissues after 
death and when present m abscesses they are often found dead and partially or coa 
pletely decomposed Occasionally a small bunch of the parasites is encouatered 
particularly in the scrotum 

The route by which the microfilariae migrate from the neighborhood of (Be parent 
svormand pass from the lymph to the bloodvessels has not been clearly demonstraled 
It has been assumed by many writers that they pass from the parent worm by the 
lymphatic vessels through the various chains of lymphatic glands to the thoracic 
duct and thence to the venous system However O Connor (lOJi) points out that 
this has apparently not been demonstrated histobgically lie bebeves from the care 
lul study of a case the histologic evidence is to the eUect that the microfilarue after 
leaving the parent worrn pass through the nails of the lymphatics and enter tbrou|h 
the walls of the small contiguous blood vessels 

It had seemed questioruble however, whether sheathed filariae were capable of 
passing /Arauifi the waifs of the small blood vessels With unsheathed microblanae 
as for example Onchnetfca tohuhis there Is no evidence that they do so Wicrofilanae 
of this parasite are not normally found In the blood vessels On the other hand whJe 
It may not be possible for sheathed microhlarue to bore their nay through ihe«te 
of blood vessels and actively penetrate (issue it seems not unreasonable to assume 
that in many instances rupture of the small lymphatics and blood vessels may occur 
through inGammatory reaction and swelling and thus an additional oppoftuwiy be 
given for the entrance of the raicrofibrue into the blood stream 'Moreover c*?*" 
merits performed by Drinker and his assorutes Owj) show that the uasbratleo 
microfilariae {DtroJUtna may readily get out of unbroken capillaries fraveisea 

certain distance in the tissue and enter the lymphatics 

Dhayagudeand \min (rpaa) in pointing out (be absence of records of filarial Imiom 
of the spleen found in it spleens at autopsy lesions n hich vrere detectable by lheri»»« 
e>e varying 1ft siaefrom j mm (oagnim Usually they were multiple but occasionally 
only a single nodule was present IlistologicallytbeiwelhngsweregTanulomstous ano 
microfilariae subsertuently identified as II haturefu were found in each There no* 
marked local or general eosinophilia and in some sections giant cells were conspicuous 
Klot* in Loa ha infections found pin point yellowish nodules in the spleen conUmiog 

microfilariae about which there was somciolJammatofy reaction and fibrosis , . 

Path loiy fi} LUfhontiant—TiiW has been considerable discussion as ^ 

the form of elephantiasis so common m many tropical countries is actual 3^ ^ ° , 

orifcin Ifoi ever there is a very large amount of evidence which goes to show tna 
vhilc some cases of elephantiasis occumngin tropical countries ;ust as in the * 

% mes art not of filarial origin there is a common form of elephantiasis undoubtedly ou 
to filana Some of the most striking facts leading to such a conclusion are summarize 
by Mansin Bahr as follows 

(i^ The geographical distribution of II ueiereria bancrff/ti and that ol elephantusi 
correspond where elephantiasis abounds there the filaria abounds and vice 

(*) Iilariallymphaticvarisandelephaniiasisoccurintbesamedistricts aod/reauen y 

concur in the same individual (3) Lymph scrotum unquestionably a filarial diseas 
often terminates in elephantiasis of the srrotum (4) Elephantiasis of the leg som 
times supervenes on the surgical removal of the lymph scrotum (5I Elephanuas 
and lymphatic vane are essenCial/y diseases of the lymphatic* (6) rihnaDyopaa 
varit and true elephantiasis ere both accompanied by the same type of 
lymphangitis (7) As lymphatic varjt 1$ practically proved to be caused by 
filana the inference appears to be warranted that with rare exceptions the elephafuias 
of warm climates— the disease with which lymphatic varu is so often associated s® 
has so many aff nities— is attributable to tbesame cause 

As has already been intimated in the majonty of cases of elephantiasis 
filanae are absent from the peripheral circulation and it has been pointed out that I ‘ 
is usually true on account of the obstructioii and fibrotic changes in the lymphali 
which have been brought about by the action of the filariae or tbrougb ^ 

bactenal infection In many of the eases of elephantiasis as well as in other patholop 
conditions caused by the parasite the lymphatic system has been blocked and bent 
there IS less likelihood of the imerofiknae obtaining an unobstructed g«w 
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Starling (192$) has pointMl out that the «iily way the tissues un receue their 
supply of protein is from the small araonntsnhichate filtered through the blood vessels 
into the lymph The increased ciudatuni of concentrated lymph which occurs in 
mSammatory c nditions as the result of injury is therefore of advantage since it 
furnishes an abundant supply of prole n food to be used up m the regeneration of the 
damaged cells 

Bertwistle and Gregg further point out that ui elephantiasis the affected part 
recei es an locrea ed supply of protein a the result of recurring attacks of inSamma 
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tion and it is suggested that tb s prote n inst d of merely help ng in the process of 
rej air servi>s by its continuous or perverted actioa to stimulate the conoective tissues 
to excessive growth 

Drinker and Field mor ecently ( 93J) made* very careful study of the conditions 
governing the removal of pr tern deposited in the subcutaneous tissues of the dog as 
well as the cell a d protein co tent tA roanunalian lymph and the relation of lymph to 
tissue Suid They 1 ve also stud ed the peimeabihty of the cap Hanes of the dog to 
pr te a and show that there is a constant trarsndation Ibrou h capillanes of a fluid 
CO taim g protem with eventual removal of the protein by the lymphatics 

In complete lymphatic ibstrucU n the lymphatics are constantly engaged in 
removing blood protein which reaches the t ssue and fluid from the capillanes If the 
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bj thew activitjr, or from products of the disintegration of the parasites 
after their death 

The role svhich bacteria, particularly streptococci play m the produc 
tion of ly mphangitis and elephantiasis has long been emphasized and it 
seems clear that elephantiasis often results foUosving repeated bactenal 
infection of the Ij mphat ic sy stem which has already been damaged b> the 
presence of the filarial ^\orm 

Ifon ever there baa been mucb ictent controversy about the significance of bactens 
particularly streptococci of the hemolytic variety and staphylococci in the productioa 
of the condition From the discussion already given in this article of the patholopc 
changes produced by the living or dead filanae independent of the action of bactena if 
seems clear that the filanae may be the pnmary exciting factor In many instances 
however bacteria undoubtedly play an important role Indeed the conditions pro- 
duced by circulatory disturbance in the early stages of the disease constitute s most 
favorable medium for tbe multiplication of streptococci and staphylococci 

The observations of Anderson in British Ciuatia Acton and Rao in India and of 
Suarez in Puerto Rico and Grace and Grace in British Guiana emphasize tbe impor 
tanee of the hemolytic streptococcus in the production of elephantiasis Grace (rpil) 
concludes that elephantiasis is a manifestation of hypersensitiveaess to this organism 
On the other hand McKinley (1931) in Puerto Rico who made a study of 38 cases of 
acute filanal lymphangitis found that blood cultures in all were negative Culturti 
made from aspirated material from foul areas of pain and mflammaiioa were negstne 
in a; cases In cultures prepared from the shin removed from inCamed areas of «« 
eases one culture was positive for a green producing streptococcus aaetber showea 1 
haemolytic SM^Ajleccur curtus and a third a Cram positive bacillus In no case 
was the Slrtpi«ce<(uf haetnelylKus isolated In p control cases in which the 6a|nosis 
was septic lymphangitis 3 <r«/leco<c«r Auemofyficut was isolated in 7 and 
aureui in J cases lie concludes that there may exist m at least 3 types of acute lyB 
phangitis <i) lymphangitis of bacterial origin (a) l>tnphangilis of filarial ^ 
(3I filanal lymphangitis with secondary bactenal infection In hii opinion sil tb 
evidence suggests that acute ^rial lymphangitis may commonly exist as a disesse 
entity without a complicating secondary bactenal infection He admits however 
that the mechanism by which the filanal process produced these attacls without ti 
intervention of other infections is sUU unlinown 

0 Connor (1932) and Gigliob (1933^ from other observations con 
dude that the presence of streptococa and slaphj lococci in filanal disease 
have significance only as secondary invaders, while Suarez (1933) 
sizes that although the filanae may be the cause of the lymphatic obstruc 
tion m many cases that the patients sooner or later alwajs become 
victims of bacterial invasion particularly with the streptococcus and that 
the role of infection is the stne qua nan in the formation of elephantiasis 

Bertwistle and Gregg (1918) believe that elephantiasis may develop in part as the 
result of excessive protein from lymphatic exudate The exudate is present at to 
result of infection most often streptococcal increasing in a part primarily P^***"*^ 
venous or lymphatic stasis They point out that apparently another factor beswes 
lymphatic and venous obstruction is necessary for the development of elephantiasis a 
suggested by (i) the presence of sobd oedema for long periods without the appeatani^ 
of elephantiasis (j) its development in cases of solid oedema after attachs of f” 

lymphangitis It appears necessary therefore that not only must there be a trinsuoac 

of lymph but that it must be changed in some way as happens when it becomes a 
exudate resulting from inflammation Tbe lirmph exudate in cases of elephantia*' 

charged with albumin and protein »• stimulant to cell activity and growth HyP*^ 
trophy and hyperplasu result 
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Starling (1925) has pointed out that the onl) nay the tissues can receive their 
supply of protein is from the small amoonts nhich are hltered through the blood vessels 
mto the lymph The increased ezudataon of concentrated lymph which occurs m 
inflammatory conditions as the result of injury is therefore of advantage since it 
furnishes an abundant supply of protein fo d to be used up m the regeneration of the 
damaged Celts 

Beitwistle and Cregg further pomt out that in elephantias s the aSected part 
recei es an increased supply of protein as the result of recurring attacks of mflamma 



tion a d It IS suggested that Ibis pr tein 1 stead of merely help ng m th p ocess of 
repa r serves by t cont nuous or peive ted act on to stimulate the connective tissues 
to ercess ve growth 

Dnnktr and Field more recently ( 933) made a v ry careful tudy of the conditions 
govern ng the removal of protein depos ted m the subcutaneous tissues of the dog a 
well as the cell and prote n content of mainmalian lymph and the relation of lymph to 
tissue fluid They have al 0 stud ed the permealihty of the capillaries of the dog to 
protein and show that there is a amstaut (ran udation through capillaries of a fluid 
CO taming prot in with eventual removal of the protein by the lymphatics 

In complete lymphatic obstruction the lymphatics are constantly engaged m 
removing blood protein which teaches the tissue and fluid from the capillaries If the 
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lymphatic drainage is blocked and the blood circulation normal but one result cat be 
eipected namely the amount of protein in the tissue fluid must rise to an abnornisllj 
high concentration This mil be due to the fact that protein \mU leak steadily (no 
the blood capiUarits and owing to th leabsorption of water by these vB^el tb«e 
must be an increase in concentration ofthe protein which they cannot absorb and nbicb 
cannot gel out of the part bv the usual Ivmpbatic route In addition to blood proteins 
It IS probable that broken down white blood cells must also accumulate so that Ibe 
normal cellular env ironment m the part js concerted into one contamins a hi h pet 
cenlage of blood protein plus products of cellulat disintegration both of which torn 
ponenls would be steadily removed if ibe lymphatics were functioning normally 

Experimentally they have been able to produce per i tent lymph oedema in the le| 
ol a dog through the injection into the large lymphatics of mixtures of otalaled Hiod 
plasma plus crystalline silica and calcium chloride or by using a per cent qumme 
hydrochloride with silica The first injection results in a swollen leg but in two to 
four days It subsid s The opeiatioD is then repeated at intervals In one dog (tom 
the normal leg the Ivmpb contained ojt per cetit of protein and from the ssolka 
leg 1 98 per cent ol protein with 7 900 white cells mostly polymorphonuclear ieuto 
cytes and 6 aoo red eells per cubic millimeter the high cell count bem" probably » 
foreign body reaction to the deposited fibrin 

With reletence to the matter of infection in connection with the development ol 
fibrous overgrowth they point out that under cucumitances of infection in a part 
with ob tructed Ivmjihaties the result can onlv be inten ificatien ol the findm 1 
postulated from lymph blockage atone Under such circumstances the li sue beoimer 
clotted blood plasma enmeshing cells in various stages of disintegration There 1$ no 
drainage (or any of this matenal It must remain as deposited to undergo stow w 1. 
tion In their opinion this abnormal tis ue fluid acts as a culture medium just ai « 
does in tissue culture experiments outside the body The first group o( cell to grow 
actively ate the fibroblasts This is true in ti sue cultures and it is appatenlly true 
in the body when a medium is present rich in blood protein and th* products of «■ 
destruction When high degrees ol venous obstruction accompany lymphatic 
tion the blood capillaries also teak proteins in high concentrations end agaie the 
environment for fibrous overgtov ih » provided m more intensive form . 

From more recent experiments upon dogs Drinker Iield and Itomaas 
conclude that experimental elephantiasis may be called forth in a typical wttn y 
lymphostasis alone and that U may wuhout other influen e progress to an sdvinc 
late of fbrosis and deformity In the experimental and human diseases the «« 
high protein concentration in the tissue fluid occurs Both lymph and tissue uui 
in this condition have from s 7 to j per cent protein instead of the normal i pet 
As this concentration ti-es tovard that of blood serum fibrosis also 
aggravates lymphostasis so that a vicious circle ol protein conrentration and corns 
issetup Onceel phantiasiSiscstabUsbedintheexferimentdl aswellasinthebuman 
disease there may set m the same tecunenl attacks of fever and local inflamnalion 
usually sjoken of as lymphangitis Haemolytic streptococcus can be cultivated in 
the ti sue fluids in the early hour of each attack in the dog and at no other time 
The same bacteru may call forth a typical attack in another animal when injected n 
appropriate quantity into a lymph obstructed leg and not wb n injected in 
greater quantity into normal tissue The resemblance of the elephantiasis produc 
in one dog to human elephantiasis was striking 

In summan/ing this discussion \ie may say that obstruction of tbe 
lymphatic ve sels and bacterial infection arc the two most importan 
agents to be recognized jn the causation of elephantiasis When such 
obstruction has been c tablisbcd acute lymphangitis almost invanablj 
follows The lymphatics in the condition of lymph oedema receive si 
increased amount of protein as a result of the inflammation which 
by Its action to stimulate the connective tissue to excessive growth 
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resulting in fibrosis of the skin and subcutaneous tissue In tropical 
countries the adult filanae art Uw* commonest primary cause of the 
Ivraphatic obstruction In the great majority of cases infection with 
COCCI particularly streptococci uUimatelj ensues Isevertheless ele 
phantiasis in the tropics as well as in temperate climates may result 
entirelj independentlj of filanal infection 

Ctl*nCtl. MA’nrESTATIOVS 

Filanal Diseases — ^The important pathologic conditions associated 
with infection with 11 »c/iereria bancrojlt are related to the lymphatic 
system 

They are (1) inQammatary g vm n e to lympbangitis and tlephantoid fevei 
lymphadenitis otclita and mflammatoiy vaticose g oin glands and abscess secondary 
inlectiana nith atreptocacci and staphylococci and sometimes giv ng n e to fatal 
pentan lis (a) d lation of the lymphatics erithout rupture giving nse to iris lym 
ph tieus cutaneous and deep and producing conditioiu such as lymph scrofui or 
adenovarix (jl dilation with rupture giving nse to lymphorrboea and lytnphu la or 
chylocele chylous acites chylous durrboea and cbylunu <4) hyp rtrophy hypcrp’asia 
and hbrosis giving nse to elephantiasis of the l« scrotum arm mam nae and other 
parts 

LymplL&ngitis, Elephantoid Fever and Adenitis —The febrile acces 
sions that accompany the recurring attacks of lymphangitis in elephan 
tiasis lymph scrotum and other filanal manifestations are very important 
becau e they may lead to errors in diagnosis Thus m Burhadoes where 
until recently there was little or no malana a condition in which there 
occurs a high fever of sudden onset with rigors and sometimes though 
not always associated with erysipeUtous redness of leg or scrotum and 
by ly mphangitis and painful ly mphatic glands has giv en a suggestion of a 
malarial patOKVsm 

Lyviphangitis — The condition 0 ! lymphangitis may be dependent 
upon the irritation caused by the presen e of the tUana which may be 
either alive or dead in a lymphatic vessel As a result the lining endo 
theliuro of the lymphatic may become proliferated necrotic inci des 
quamated and the contents of the vessel coagulated Infection with 
either treptococci or staphylococci js common m which case the process 
may go on to suppuration with formation of an abscess in which the dead 
or calcified filanae may be found In some instances resolution occurs 
In chronic lymphangitis there is great proliferation of the intima more or 
less complete blocking of the lumen and general hbrosis of the walls 
so that the vessel becomes thickened Filaciae may he found m the 
vessels sometime embedded in the fibrous tissue or m a caseous mass 
in other instances in cyst like dilations of the lymphatics as described 
bv Maitland Daniels Manson Bahr and others 

The attack of Iv mphangitis may be preceded by a fit of sbivennj, and 
IS alwavs accompanied by fever often lastinj, several days and varying 
from lot to to4 F Also there may be severe headache vomiting and 
some delirium rarely suppression of unne and albutmnuna The affected 
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part IS oedematous and often painful to the touch If the extremities 
are mvoUed the swollen lymphatic vessel ma> be palpable as a hard 
cord like substance, uhich is often MSible, the skin is diffusely reddened 
or erysipelatous in character or red congested streaks ma\ be seen over 
the inflamed lymphatic \essels After several days the swelling of 
the limb usually begins to subside and the attack raav end with proiuse 
diaphoresis A lymphous discharge may occur from the surface of the 
skin In other instances, infection with streptococci or staphylococci 
may lead to abscess and even to gangrene, especially if the scrotum is 
inv olved In some instances the part appears to return to its normal 
condition in others the skin may remain more or less infiltrated At 
various intervals of time weeks, months or years apart similar attacks 
may recur, eventually leading to hypertrophy and perhaps to elephantiasis 
The microfilarwe may be present or absent from the blood or they may 
disappear during the attack not to reappear The inflammatory process 
may not be limited to the superficial vessels but may be particularly m 
the deep lymphatics Those of the spermatic cord, testes and retro 
peritoneal tissues are frequently involved 

hltphanioii Jew may occur at varying intervals of weeks months, or 
years m association with most forms of filariasis In Barbados where 
sometimes malaria has been suggested it has been commonly called 
ague , m Fip it is termed ‘ liliwa (Castellani) and wanganga 
(Manson Bahr) In India this form of recurrent fev er has been attributed 
by Baneryee to mysterious lunar influences The onset of the fever is 
usually sudden and the temperature may reach 102 to 104 I It is 
often accompanied by rigor and sweating The temperature may touch 
normal within 24 hours or it may last several days In some cases 
especially those associated with elephantiasis the fever may last a month 
or so (Stephens and k orke) Microfilariae may or may not be present 
in the blood In many Cases the fever is associated with lymphangitis 
but m other cases the paroxysms may occur independently of lymphan 
gitis In such cases the reason for the nse of the temperature is not 
always clear Manson Bahr suggests that in this form there may be an 
inflammation of the deep seated lumbar lymphatics or glands which are 
not visible 

Lytnpkademits of the associated glands usually accompanies the 
attack of lymphangitis oc it may precede it The enlarged glands are 
usually painful during the attack 

However in other instances Ihe groin glands may gradually as ume * varicose 
condition and considerable si*e without any noticeable svmptoms Both groins or 

only one nuy be affected or the femoralgUnds of both sides may be involved 

times the condition is associated with lymph scrotum The soft swellings may besinau 
or reach anywhere from about $ to 8 cm in diameter An attack of lymphangitis 
frequently involves them in the inflammatory process In such cases tenderness and 
painful symptoms may appear and streptococci may be present in such glands 
and Megaw and Manson Bahr call attention to the fact that these swellings of the 
inguinal glands with varicose lymphatics may sometimes be mistaken for hernia and 
Manson Bahr emphasiae that chronic swellings about the groins and testes and scrotum 
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m patients from the tropics should alnays be regarded as possibly filarial in nature 
After hernia has been excluded in these cases remoral of a few drops of l}Tnph with a 
hypodermic needle may reveal on microscopic ezanuoatioD the microfilariae or ova or 
the microsianae may be found in the orculatuig blood Frequent attacks of lym 
phangitis in these glands leads to fibrotic cb nges and great enlargement In some 
of the Pacific Islands notably in Fiji great enlatgement of the lymphatic glands with 
fibrotic changes was found by Manson Bahi to be by far the most frequent symptom 
of filarial d sease The epitrochl argUndmFiji was found to be affected in 21 pet cent 
of the total population The groin glands were also very much enlarged sometimes 
5 to 7 cm in diameter and might form permanent tumors The deep seated glands 
iliac lumbar mesentenc and mediastinal were also sometimes enlarged On dissection 
live filanae or calafied parasites were m some m tances demonstrated in the glandular 
substance 

FumcuUtis lympha gitis of the spermatic cord is common and is frequently 
assoaated with lymphangiectas s m which cases the cord is acutely tender and the 
scrotum inflamed Hydrocele may also e 1 I and there may be mguinal adenitis In 
severe cases secondary infection sometimes occu s often accompanied by frequent 
r go s Septicaemia miy re ult and then death not infrequently occurs In some 
instances at po tmortem taammaVion purulent lympbangiectasis and purulent mfiltri 
tion about the vas deferens have been observed Sorour (1929) bas recognised as 
comm n m Egypt a chrome eosi ophibc funicubtis charactenred by fibrosis heavy 
eosinophil infiltration and thickened blood vessels which are often thrombosed 
Filariae were fgu d in the tissues in each case 

Filanil orchitis and hydrocele are al&o common conditions The 
orchitis usually begins with pam in the testicle accompanied by fever 
and sometimes b> rigors The testicle enlarges rapidly and may some 
times reach the size ot some to cm in diameter ll is tender and painful 
An eCusion usually forms id the tunica vaginalis Persistence of the 
lymph which may become coagulated may give rise to filarial hydrocele 
lymphocele or chylocele may result The swelling may subside com 
pletel) in a few days or may leave a permanent thickening Recurrences 
of the attack are common 

Involvement of the retropentoneal lymphatics may also give nse to a senous con 
ditvin Stephe s and Yotke classified under this term the conditiona described by 
French writers as filanal colic and probably the fever and ague of the abd men 
of other writers It is cha acterized by acute abdominal pam vomiti g hiccough 
ngidity of muscles meteoiism at times by tete tion of urme and usually by fever 
VVi e also desenbed a simil t condition in Br tisb Guian u der the term filarial septi 
cemia A derson who bas especially observed this condition points out that the 
symptoms of peiiton tis are r p dly developed and that a streptococcus is invariably 
p esent in these cases In V\ ise a cases the condition was found post mortem to be 
an acute suppu ative inffammat of retropentoneal lymphangiovances the dilated 
lymphatics w e filled with pus Adult filanae were found m the pus in 3 of the 3 
cases eiam ned The abdommal lesi n was a sec ndary one and in e ery case with 
one except on was connected with a similar leson outside the abdominal cavity as 
f r exampi in the glands of the t gninal cervical or axillary regions or with suppu 
rative lesions of the scrotum and cord or abscesses in the 1 g or arm Strept cocci 
we e frequently found m the affected lymphatics 

Hydrocele — 'The condition often suggests m the beginning a simple 
attack of epididymitis A common result of inflammation or of blocking 
and dilation of the lymphatics in the region of the testicle is effusion 
into the tunica vaginalis Low points onl that a favorite site of the adult 



filana is the epididjmis, ind if it sets up inflammatorj changes here a 
hydrocele is often produced Iljdroccle or chjlocele according (o 
whether the exudate is straw colored and Ij mphous or milkj and ch)lous, 
IS often associated with orchitis or ma> begin with sjmptoms resembling 
epidid)mitis It IS a \erj common complication of filarial infection and 
in the Philippine Islands it is perhaps the most common pathologic 
manifestation of fihriasis Buxton (1928) is Samoa and Pao (1932) m 
India ha% e show n that there is a relatix ely high coefficient of correlation 
between the presence of mjcrofilariae in the blood and the presence of 
hydrocele 

In cases observed irt Samoa the microfilanae could be demonstrated either to 
the blood or the hydrocele Quid of ta Pao found that m the d'stnet of Cuttack nbicb 
show ed the highest fihrial infection (microfibria rate *s pcf showed a high 

incidence of hjdrocele (15 per cent) Grace and Cnee m British Cuiana found the 
microfilariae rate of infection (both sexes) 73 1 per cent and the hjdrocele rate (in 
males) 1*3 percent Microfitariaeare frequently absent m the hydrocele fluid Ran 
in 143 cases found microfilarta present in 14 but 0 Connor m I uerto Rico failed to 
find them present in so cases 

The condition is in many instances independent of any secondary baclerial infectioB 
In other cases however when the condition is associated with orchitis snil a sudfen 
febrile onset secondary infection with cocci is usually present Buxton found is 
70 per cent of the patients carefully examined at operation that the condition w« 
bilateral suggesting trauma or secondary infection as an important factor in etiology 
in such cases rather than blocking on both sides with lilariae 0 Connor {19^91 
Manson Bahr report eases showing that hydrocele may often result from repeated 
attacks of flarial lymphangitis in which cases the sac is generally thickened snd often 
contains calcified fUanae 

Lymphorrhoea —The lymph or chyle may escape from the lymphatics m other parts 
of the body for example from the superfiaal lymphatics appearing on the S'*' , 5 

the skin after attacks of lymphangitis \1so infiltration and chylous effusion ol tfie 

tunica vaginalis may occur and gi'e rise to ehylocele which Manson Bahr has foun 
not to be uncommon and which is sometimes associated with lymph scrotum or wi 
adenovanx 

Chyluna — One of the most striking pathologic conditions associated 
with filanasis is tint of chyluria This results first from obstruction to 
and dilation of the thoracic duct or of some of the abdominal lymphatic 
vessels communicating with those which carry the chyle from the intestine 
Tmally the rupture of some of these through the mucous membrane 0 
the urinary tract takes place with the result that chyle appears m I r 
urine frequently rendenng it milky in appearance Owing to the genera 
congestion and dilation in the region rupture at the same time of some 
of the smaller blood vessels may also occur when blood in additio 
appears m the unne and haematochyiuna results 

The unne in this condition may assume ramus shades of pink or rose In 
instances the ruptured lymphatic contains no ch^e and then only lymph ipp“ 
the unne and the term lymphuna as originally suggested by Low is more appropr^ 
or if blood IS present haematolysnphuna The chylous unne obviously contai 
larger amount of fat derived from the lacteals of the intestine It usually j 

rapidly and after standing there separates an tipper fatty layer and a pink or rose-co 
sediment \ ith a semi transparent gelatmoos layer of coagulated lymph between 
color of the unne varies according to the amoant of chyle or blood present Us / 
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the morn ng urine is less milky and contains less blood Sometimes it has the appear 
a ce of «a/^ au hit or may be reddish Alb m n is always present In chylu a the 
fat according to the invest gat ons of \oung frequently amounts to between i 8 to 
2 6 per cent The sed ment of the mine usually reveals lymphocytes and a variable 
lumber of ted blood cells anl frequently microfilariae However the latter are not 
always present but their absence does not exclude filar asis M nami and Ehara 
report a case in which m crofiJanae we e present neither m the night blood nor n the 
chylous urine ne ertheless on removal of the kidney a female filana apparently alive 
was found in a lymphatic gland about the hilus of the kidney hliciofilariae were pres 
ent in the fluid about it The escape of chyle may occur 1 to the pelvis of the kidney 
the ureter or bladder andthecbyl us fluid may undergo spontaneous co g lation and 
give r se to obstruction of the ureter or urethra and retention of urine In 2 cases 
eported by Mmami the coagulation of the chylous unne occurred in the pelvis of the 
left kidney and in each case the pa n and dsconsfort were sa d to render removal of 
the kidney necessary The kidney showed hyalm degeneration of the convoluted 
tubules with exuded plasma in the lumen and m many of the glomerubr capsules 
Minami and Eh r state th t changes U the kidney were evident m 76 5 per cent of 
the cases of chyluna they collected from the literature 

The attack of chyluna »s usually abrupt Soroetinies it is preceded 
by pain in the back or aching sensations in the lower abdomen thighs 
and peritoneum perhaps due to the great distention of the lymphatics 
involved At times the attack is accompanied by fever in other cases 
retention of urine due to coagula or the passage of nulky or reddish 
urine may first attract attention to the condilion The attack usually 
lasts only for a few days particularly if the patient remains in bed but 
more rarely it may persist for a considerable period Kecurring attacks 
are usual with intermissions lasting days months or years 

In m Id eases the health does not suffer but in s« ous ones with the loss of la ge 
amounts of albumin debility depress o and anaemia may result Retention may 
give rise to more serious d t rbaoces and injury to the k dn y Although chyluna in 
1 d a Cb a Japan and North Africa is frequently olserved in association with filari 
asi It I a curious f cc that It IS extremely rare ID the Paafic Islands Buxt n recorded 
only 2 cases from Samoa during bis investi ations the e th ough some two years 
Anderson (1024) found that among <09 patieatswko visited his clinic in Briti h Guiana 
orchitis was found in i p percent and chyluna m 1 $ per cent while Grace and Grace 
( 93 ) found in their e am ations in Bnti h Gu ana only o 4 per cent affected with 

Chylous Ascites — Very rarely the chyle may escape into the pe ito eal cavity 
gi uig rise to chylous ascites or int the 1 te tmc gi mg se to chylous d arrboea 
Wise has reported a case of chylous ascites diag osed by abiommal puncture At 
necropsyala ge cyst was found occupying the whole abdominal c vty Ithadapp r 
ently de eloped bet een two layers of the mesentery B 1 and Priestly h e also 
rep rted a case of chylous ascite which died w th the symptoms of acute p ntonitis 
F oes (1933) has eported the presence of num rous microfilanae in a c se of ascites 
The fluid obtained by tapp g repeatedly contained the mic 06I lae but w s non 
chylous and n haemorrhagic The microfilariae were al prese t in the bio d The 
microfilariae were neither period c 1 the blood n r m the effusion 

Lymph Scrotum. — In the cond lion knov n s lymph scrotum the nset s often wth 
fever foil wed by mo e or le s enlatgeme t of the part and va cos and tortuous 
lymphatics The v nces may beseen ndf It Insomeinst ees the scrotum appears 
covered w th numer us small vesicles thes may vary f om se eral mill meters to e en 
a centimeter in diam ter W ben one of the e ve icles r a tortuous lymphatic is pncled 
or ruptures an exudate of milky or blood tinged lymph or chyle exudes which rapidly 
coagulates Microfilariae are usu Uy pres nt in th s exudate In cases with con 
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siderable enlargement of the suoium 500 ec or more of fluid may exude In 14 Hour 
and this exudation may continue for several days Stephens and \othe report tbat 
m some cases periodic discharges may occur for two to three yean threatening the life 
of the patient from exhaustion and necessitating removal of the scrotum In many 
cases lymph scrotum is assocaated with enlarged or varicose glands of the groin and 
with chyluna A gradual translorautioa from lymph scrotum to elephantiasis of tie 
scrotum may occur with erysipelatous manifestations Lymph scrotum while not 
uncommon in parts of Asia ts practically unknown in the southern Tacific Islands ass 
complication of filanasis 

Acton and Rao (1930) who report 9 cases of lymph scrotum pomtoutthatinesery 
one there had been an antecedent operation for hydrocele They take the view that 
hydrocele or chylocele is really an overflow reservoir for lymph dammed back by flbrosed 
lymph nodes and that when the sac is removed its function is taken up by a dilation 
of the lymph vessels which may result in lymph scrotum Micro&larue were present 
in the lymph from the scrotum ut 7 cases but 10 only one of these in the blood 

Varicose Grata Glaads (Adenovam) — Lymphadenitis associated with lymphao 
gitis has already been discussed pa^e 1316 



The term varicose glands (referring especnlly to the glands of the groio or 
the axilla) has been used by Manson and others for many years to imply the soft more 0 
less lobulated swellings in which dilation of the lymph vessels have occurred 
and \ otke have used the term adenora ix for this condition which they state « prcbio y 
usually associated with lymphacgiovaru The skin over the enlarged glands 
generally be freely moved These swellings which usually develop slow ly mayinvov 
the inguinal or femoral groups of gbnds of one or both sides The commonest 
the fold of the groin of the upper internal aspect of the thigh but the lesion may a 
occur in the axilla In the gram it is commonly associated with lymph scrotum an 
sometimes with chylous dropsy of the tunica vaginalis or with chjluna The va^^ 
may be single as large as an orange or foimmg a huge mass reaching to the M*e o 
there may be several vances from one to several centimeters in diameter On 
the sensation of coiled rubber tubes wbidi collapse on firm pressure may be obuinea 
Usually painless and insidious in onset the cond twn may become acutely inBime 
and accompanied by fever Puncture yields a fluid which may or may not con i 
microfilariae The condition is commoner m the male sex . 

Filanal Abscess —As a rule iniary to the adult filarial worms which results la m 
death is not followed by abscess formation bat such termination may occur A 
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regards location Wise and Minot found filanalnb cesses jt t mes in the pelvis of the 
kdney 18 in the epid dymis la in theretropentoneal tissues 25 in the inguinal glands 

4 in the il 0 psoas muscles and 8 n the lymphatic vessels 

Stephens and \ ork emphas ae that the d sense may or may not be associated with 
the presence of filina in the ahsce s Ken a d failed to find hUria in abscesses e am 
ined by him and Ma veil found adult filana in only i of 23 abscesses while Alanson 
Bahr found adult filana m i of 8 superficial abscesses W se found filana in 22 of 2S 
superficial abscesses in 3 of 30 retropentoneal abscesses and m roof 15 abscesses 
nvolved in the epididymis The pus usually contains pyogenic organisms but may be 
stenie Manson B hr who examined 8 cases bacteriolo ically found staphylococci in 
6 streptococci in I and both organ sms m 1 whdeWise in Scases found staphylococci 
10 4 streptococci in 21 while 3 were sterile Anderson ma study of filariasis m Biiti h 
Gui ana met with nearly 30 abscesses but found parts of adult filana in only 2 In 
the examinat on of 48 abscesses streptococci were found m 41 staphylococci alone in 

5 dipbcocci in i and one abscess appeared sterile 

Secondary Infections — ^The investigations of Anderson emphasize the 
importance of bacterial infection in fatal cases of filanasis He had the 
opportunity of performing postmortem examinations on 28 cases which 
showed evidences of elephantiasis and fifanasis The cause of death in 
14 out of the 38 cases was acute septicaemia The cases of acute septi 
caemia were generally diagnosed as abdominal filanasis 

In each of these eases the acute septicaemia Cook its origin from tome infiammatory 
{ eus in the lymphatic system and ended with great septic en orgereent of the retro 
petite eal lymph channels The other common f ctor in all of these cases was the 
presence of tilatial patasites and he remarks that it remains a difficult problem to assess 
the pathologic potentiaUt es of th s factor He po Died out that some investigators 
have put forwa d the suggestion that the cbain el symptoms may anse from blockage 
of some part of the 1} mpbat c system part cula ly the thoracic d ct by one or more 
adult filanae m a dead or dying conditioD but m none of the cases cxaimned by him i 
by h a colleagues was there any evidence of complete occlus on of the lymph channels 
by coils of worms Others have suggested that the parasite exercises a pu ety median 
ical function m carrying the P)ogen c organ sms f om the peripheral into the deeper 
lymphatics The experience 10 British Guiana suggests rather that the adult filanae 
1 V ng and movmg about in the lymphal c system prepare the ground for bacte lal 
invasion They may iriicate or linage the interior of the lymphat cs and the fine 
internal structure of the gland and a moderate bacterial invasion is sufficient to blaze 
the trail Anderson points out that in a tropical country 1 ke British Guiana where 
streptococci are so prevalent and abrasions of the skin such a common occurrence 
wherem squitoes are so active and the gener I fiU alratesobigb the serious me dence 
of acute septicaemia might thus appear to have a reasonable explanation 

Grace and Grace found at St Kitts British West Ind es that when an abscess was 
found in associat on w th lympha ilis the fi iaemalytie tlreplococc was recovered 
from the abscess in 26 of 27 ca es and that mg of these sfica e the same microotgan m 
was recovered from the blood and it w s present also in one case of abdom al filanasis 
They d d not belie e however that thnr evidence showed that F la a bancroflt w s 
capable I p oduc ng the lymphangitis 

G ace ( 043) after further study bel eves that the e t nee of lymi h st s enders 
the tissues more suscept ble t f ct n by the beta hemolytic strept co cus and that 
attacks of lymphangit m v then be occastoned b\ organismal or toxic stimuli of 
nten ty too t to b ap) reciated by t sues pre ou Iv u nvoKed 

Elephant ia sis — This is one of the e»mmonest lesions Its prevalence 
vanes considerably in tropical countnes but is obviously related to the 
degree of filarial infection In certain districts in Cochin China about 
5 per cent of the population show the condition in areas in Samoa about 
48 per cent while in the island of Muahme Society Islands 70 per cent of 
the adult male population have been reported aSected by Manson Bahr 
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In ihe Ellice Islands with a populatioii of j 300 0 Connor found no eases The 
condition IS also \ery common in the Belsian Congo and in many other tropical and 
subtropical countries It is rare or absent however in large areas of South Afna for 
example Rhodesia (Blackie »93a) The British Fibnasis Commission m BnU-h 
Guiana reported that at one time the proportion of people in Georgetown suffencg from 
elephantiasis was probably higher than in any other city in the world \et in their 
studies made in 1921 in a limited area they found the rate at most was not oser 5 per 
cent of the population In ig3i Crace found the rate of elephantiasis in Bntisb Guiana 
to be XI 4 per cent The condition was also formerly very prevalent m Barbados and 
IS still popularly known in British Guiana as Barbados foot In some regions where 
infection of the blood with microblanae 1$ common elephantiasis is rare or absent 
Thus Cnchton (19 9) in the British Solomon Islands whose survey showed 13 percent 
of the inhabitants to harbor larval filaruc in the blood found elephantiasis very rare 
while Croll in Brisbane Australia reports that elephantiasis was never observed in the 
Australian troops examined m spite of the fact that 11 5 per cent of the adults bad 
mcrohlariae in their blood In this region the climate was very dry However 
Cilento (1932) reports typical cases of elephantiasis in Queensland 

Buxton feels comnnced that m PoljTiesia and Fiji elephantiasis is 
commoner in Europeans than in any other part of the tropics and sug 
gests that this may be due to the fact that the non penodic filana of 
Oceania is a daj biting mosquito, that dunng the day the European is 
in contact with the native race and more exposed to the bites of these 
mosquitoes 

The condition is one of adult life and is rare under 20 >ears of age 
After this period the percentage rises steadily Grace found that more 
cases begin in the third decade than m an> other 

The statistics of Manson Bahr show that m 95 per cent of the ca es 
the lower extremities (either one or both alone or m combination xi ith the 
scrotum 0 arms) arc the seat of the disease The foot and ankle onl) 
or the foot and leg or the foot leg and thigh maj eachorallbemxoUed 
The condition is usuall) but not always confined to below the knee 
Rareh the thigh 15 involved The swelling may attain enormous dimen 
sions In extreme cases the limb may attain a arcumference of several 
feet 

Next to the leg the scrotum is most frequently involved and the 
scrotal tumors may attain an enormous sixe 10 to 20 pounds are conmion 
weights and 40 to 50 pounds is by no means an unusual weight The 
largest recorded one is 224 pounds 

In elephantiasis of the scrotum the penis is usually not hypertrophied and •* 
erally incorporated or concealed in the scrotal mass The testes are often dragged do^ 
toward the bottom of the tumor and attached to the under part of the scrotum by tif 
gubernaculum testis the spermatic cord being thus greatly lengthened As s rule 
there is double hydrocele sad thickening of the tunica vaginalis 

The arms in most countries are more rarely attacked However in Fiji for some 
unexplained reason elephantiasis of the arm is comparatively Common Tn^ndeau 
found the condition 14 times in 69 cases of elephantiasis observed in the Society 1 *'*“'" 

In 12 of the Cases it was secondary to elephantiasis elsewhere in the body and only 
2 cases primary The condition begins as a lymphangitis accompanied by fever an 
adeniti of the epitrochlear glands Repeated attacks of lymphangitis finally give nse 
to large tumors or may convert the limb into a shapeless mass 
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Rarely the maromae vulva peius and orcumscnbed portions of the integuments 
of the limbs trunks neck or scalp are affected Cases of elephantiasis of the mammae 
ha\e been recorded in wt ch the organ descem&d to the pubis One such tumor 
weighed twenty-one pounds after removal Tumors of the labia or of the cUtons may 
also attain great s ze 8 to 10 pounds ui weight Elephantiasis of the pen s is rare It 
may occur in the absence of elephant asis of the scrotum In some instances the organ 
assumes monstrous proport ons as reported by Hazell W right Sometimes it becomes 
as thick as the leg and reaches to the knee Elephantiasis of the scalp has been reported 
by MacDonald and of the thi h by Corney One sudi tumor of the thigh we ghed 
21 pounds after removal In one case of d^ihantias i of the ton ue reported by Kolb 
m Brit h East Afnca the tongue projected 6 1 ches faun the mouth sod the lower jaw 
was dislocated 



Fig 301 — El phant £ th turn (Hod Afn n E p dit n— 930) 

Elephantiasis usually begins as a lymphangitis viith fever and sec 
ondary dermatitis and cellulitis Repeated lymphangitic attacks with 
secondary infecCioas with the pyogenic cocci give nse ultimately to the 
deforrmties In other instances the onset is insidious with no history 
of lymphangitis and no evidence of secondary infection the condition 
ansmg as a gradual painless swelling The lymphatic glands draining 
the affected area are generally enlarged In elephantiasis of the extremi 
ties the appearance usually vanes with the age of the condition The 
pathology of the condition has been desenbed on page lyro 

Anderson has distingui hed five clinical tjrpes in the first there is usu Uy si ght 
uniform enla gement se n more commonly m younger people m wh ch the limb is 
oedematous and there is some thickening ^ the skin Bey nd the los of shapeliness 
and the si ght increase m weight it causes no d sab hty of di comfort If at this stage 
the p tie t IS caref 1 about pets nal hyg eoe p oteeta the limb from inj ry by some 
fotmof covering andpracticeagentlemassast the progress of the el phantoidcond tion 
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In the EHice Islands nith a population of j 300 0 Connor found no cases The 
condition is also very common in the Belgian Congo and in many other tropical and 
subtropical countries It is rare or absent honever in large areas of South ifnca for 
example Rhodesia (Blackie igja) The Bntish Filariasis Commission in British 
Guiana reported that at one time the proportion of people m Georgetown suffenn from 
elephantiasis was probably higher than in any other city in the world \et m their 
studies made in igti in a limited area they found the rate at most was not over 5 per 
cent of the population In 1931 Grace found the rate of elephantiasis m Bntish Guiana 
to be II 4 per cent Hie condition was also formerly very prevalent 10 Barbados and 
IS still popularly known in Bntish Guuna as Barbados foot In some regions where 
infection of the blood tilth microfilariae is common elephantiasis is rare or absent 
Thus Cnchton (1919) in the Bntish Solomon Islands whose survey showed 15 percent 
of the inhabitants to harbor larval filatiae in the blood found elephantiasis very rare 

while Croll in Bnsbane Australia reports that elephantiasis was never obsenedmthe 

Australian troops examined in spite of the fact that 11 5 per cent of the adults had 
rmcrofilarfae in their blood In this region the climate was very dry floweier 
Cilerito (1931) reports typical cases of elephantiasis in Queensland 

Buxton feels convinced that tn PoljTiesia and Fiji elephantiasis is 
commoner in Europeans than in an> other part 0! the tropKS and su^ 
gests that this may be due to the fact that the non periodic filana of 
Oceania is a day biting mosquito that during the day the European is 
m contact with the native race and more exposed to the bites of these 
mosquitoes 

The condition is one of adult life and is rare under ao >ears of age 
After this penod the percentage rises steadil> Grace found that more 
cases begin m the third decade than m an> other 

The statistics of Manson Bahr show that m 95 per cent of the cases 
the lower extremities (either one or both alone or in combination with the 
scrotum or arms) are the seat of the disease The foot and ankle onl> 
or the foot and leg or the foot leg and thigh ma> each or all be involved 
The condition is usually, but not always confined to below the knee 
Rarely the thigh is involved The swelling may attain enormous dimen 
sions In extreme cases the limb may attain a circumference of several 
feet 

Next to the leg the scrotum is most frequently involved and the 
scrotal tumors may attain an enormous siae 10 to 20 pounds are common 
weights and 40 to 50 pounds is by no means an unusual weight The 
largest recorded one is 224 pounds 

In elephantiasis of the scrotum the penis is usually not hypertrophied and 
erally incorporated or concealed in the scrotal mass The testes are often dragged down 
toward the bottom of the tumor and attached to the under part of the scrotum by the 
gubernaeulum testis the spermatic cord being thus greatly lengthened As a rule 
there is double hydrocele and thickening of the tunica vaginalis 

The arms m most countries are more rarely attacked However in Fiji for sosie 
unexplained reason elephantiasis of the arm » comparatively common Tnbondeau 
found the condition 14 times in 69 cases of elephantiasis observed m the Society j 

In II of the cases it was secondary to elephantiasis elsewhere in the body and only 
2 cases primary The condition begins as a lymphangitis accompanied by fever an 
adenitis of the epitrochlear glands Repeated attacks of lymphangitis finally g>'® " * 
to large tumors or may convert the limb mto a shapeless mass 
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Rirely the mammae vulva penis and citcuinscnbed portions oi the integuments 
of the hmbs trunks neck or scalp are affected Ca es of elephantiasis of the mammae 
have been recorded m which the organ desond d to the pubis One such tumor 
weighed twe ty-one pounds afte removal Tomora of the labia or of the chtoris may 
also attain gteat size 8 to to povindsinwei ht Elephantiasis of the penis is rare It 
mayocairintheabsenceofelephantiasisoftheacrotam In some instances theorg n 
assumes monstrous proportions as repotted by Hazell Wr ght Sometimes it becomes 
as thick as the leg and reaches to the knee Elephantiasis of the scalp he been reported 
by MacDonald and of the thigh by Coniey One such tumor of the thigh weighed 
* pound after removal In one ca e of elqihantiasis of the tongue reported by Kolb 
in Briti h E St Africa the tongue projected 8 inches from the mouth and the lower jaw 
was d located 


riG 301 — n ph nt ss of the otum (Harvard At n E P d t on — 1930) 

Elephantiasis usually bepns as a lymphangitis with fever and sec 
ondary dermatitis and cellulitis Repeated lymphangitic attacks with 
secondary infections with the pyogenic cocci give rise ullimately to tie 
deformities In other instances the onset is insidious with no history 
of lymphangitis and no evidence of secondary infection the condition 
ansing as a gradual painless swelling The lymphatic glands draimng 
the afiected area are generally enlarged In elephantiasis of the eitrenu 
ties the appearance usually vanes with the age of the condition The 
pathology of the condition has been desenbed on page 1310 

Anderson h»s di tinguisbed five d n cal types m the first there is usually si ght 
u form enlirgeme t seen more c mmonly in younger people in which the limb is 
oedemitous and there is some thickening of the skin Beyond the loss of shapeliness 
and the slight 1 crease in w ght it causes no dis bOity of discomfort If at this stage 
the patient is careful about persoual hygiene protects the limb from injury by some 
form of covering and practices gentle massage the progress of the elepbantoid condition 
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may be arrested or it may even disappear If on the other hand the patient is careless 
of scratches and irritations of the skin chilU may occur and attacks of lymphaniitis 
nitl interfere seriously mth the return flow of the lymph and hypertrophy of the Lmb 
continues 

This gives rise to the second type which is characterized by marked enlargement of 
irregular shape and great increase an weight The sLin is thickened to a considersble 
degree Subcutaneously there is a great increase of fatty and fibrous tissue The 
lymphatics become greatly increased in size and number and the muscles become 
hypertrophied 

In the third type the hypertrophied tissues billow out into rounded masses with 
deep sulci at the flexures such as the back of the knee the front of the ankle and at 
the toe joints The skin is much thickened and coarse and there is a tendency for a 
shght abrasion to proceed to deep indolent ulceration Abscesses are a frequent 
occurrence in thu variety and the coarse thickened skin often shows the scars of surgical 
incisions 

A fourth type is the variety known as Elepkanttasis terrucosa on account of the very 
coarse warty appearance of the skm The warts and small bosses appear in greatest 
profusion around the Ion er part of the calf and on the dorsum of the foot K number 
of writers have called attention to this form of Elepkaritiiists verrucesa Breinl (ijie) 
Button (igi8) and the writer (19Z4-J5 1930) have emphasized its association *ili 
filariasis and have pointed out that 11 is not a distinct morbid entity due primarily to 
infection with a species of fungi though secondary infection especially with bsctens 
IS usual 

A fifth type of elephantiasis seen m cases of longest duration has the most character 
istic elephantoid appearance The skin is enormously thickened and leathery and u 
thrown up into rugae The subcutaneous tissues became greatly hypertrophied espe 
cially around the ankle and the obkteration of all curvatures gives the suggestion of an 
elephantine foot The weight of the bmb u frequently sufficient to Cripple the patient 
and in advanced cases his movements are confined to dragging himself about over veiy 
limited areas 

Pfoiitcsts — Apart from the disabiht> produced from the different 
forms of elephantiasis the prognosis is good The condition is a chronic 
one and patients frequently live for many years except when secondary 
bactenal infections particularly with streptococci produce septicaemia, 
when death may occur within a few days 

Rarer Complications — Manson Bahr (1928) calls attention to filanal 
sy novitis He says that its occurrence with hlanal invasion is too common 
to be accidental Fibrotic ankylosis often results In cases where the 
hip joint IS affected removal of the inflamed ihac glands draining the area 
has in some instances appeared to relieve the condition In severe cases 
the synovitis may even proceed to pus formation and a fatal resu 
ensues 


DIAGNOSIS OF FILARIASIS 

Fresh cover slip films of the peripheral blood finger or ear should 
first be examined with the low power objective (two thirds or A ) 
The actively moving larvae when present in fair numbers are usua y 
quick to detect The specimen should be collected at intervals from 
g 0 clock until midnight If parasites are not found other specimens 
should be prepared during the day for the detection of other species o 
microfilariae 
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tis then continued as a retrograde or centrifugal lymphangitis There 
was a highly characteristic type of scrotal involvement with funiculitis 
and there was a tendency to multipJeinioIvement and recurrence Severe 
constitutional svmptoms were absent The condition of acute lympha 
denitis and lymphangitis has been designated by the natives for many 
jears as as was surmised by Button to be of filarial origin 

Sapero {personal communication 1944) recommends the following 
criteria of diagnosis of filanasis in military personnel in the South Seas 

1 Diainosts of rtlariaus (ll uehrna BancrofU) — The signs and symp- 
toms of filanasis which have occurred in military personnel are often so 
typical that the diagnosis may be made easily and w ith certainty Unfor 
tunately these characteristic signs are frequently not present when the 
patient first presents himself for evamination and m such instances the 
difficulties m establishing a diagnosis become great This together with 
the additional fact that manv phvsicians are not too familiar with the 
disea e makes it desirable to enumerate the various points whiclv should 
be the basis for diagnosis 

2 Crdcrio »/ Okjjhojw 

1 A chorocitrtsui: ktslory meats 

1 Exposure u on area of knoun IransmisstoN Filanasis I endemic 
in many areas throughout the world in which military operations are in 
progress Thi disease however has occurred m troops in significant 
numbers only m a relatively restricted area namely m American and 
British Samoa and m Wallis Island A few cases have been reported 
from Bora Bora the Tonga Islands and Funafuti A diagnosis of 
filanasis m an individual not exposed m any of the above loeations should 
be regarded with caution unless ih» parasite is found An occasional 
relatively rare case may be encountered whose infection was contracted 
in the Isew Hebrides or Solomons 

2 { prolonged incubation period charactenaed b\ an elap e of mam 
months between the first exposure to filanasis iti a known transmission 
area and the appearance of the fir t signs and svmptoms The greater 
number of cases occur from the cit,blh to the twelfth month Shorter 
(within two months) and longer incubation periods however have been 
reported 

3 4 series of recurrent acute attacks with signs and symptoms as 
described below usually brought on by sudden strain or exercise Attacks 
vary in severity involve various parts of the body and occur and persist 
for varying mtervals The patient usually remains ambulatory 

B ObjecUtc findings 

I 5tifJfi«g of on extremity or of the scrotal toiilenis ir the commonest 
sign £r/rfmr/i« The swelling is due to a retograde lymphangitis 
Heat pain redness and tendemes are generally present but usually not 
to a marked degree Scrotum There is nodular thickening of the cord 
known as funicubtis and there may be cord like red streaks Enlarge 
ment of the testicle itself and the presence of a hydrocele is not uncommon 
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On the other hand, Fullebom and Sonncnschem (igs*) have found 
that in individuals free of filarial infection the skin test, viilh D tmmtlts 
antigen as well as with Onchocerca antigen, was mostlj positive 

Kao (1932 1934) in enployins tbe (km test ifl India used as antigen microfilariae 
of Tf hancrofh hydrocele fluid with and without microfilariae and adult guinea worn 
Out of ,3 cases tested including those definitely known (0 be infected with fl (an 
croflt and control cases positive reactions were observed m all with every one of tie 
antigens used 

Lloyd and Chandra (1933) using asantigen extracts variously prepared of CircjS'crM 
tmmilis examined by the complement fixation reaction a senes of 8g cases of various 
clinical types of infection with ft hantrofh Twenty three positive reactions were 
obtained in the series A senes of 15 cases of infection by other helminths «a$ also 
similarly examined yielding 3 positive reactions all of which were in guinea worm 
disease 

Culbertson and Kose (1944) have pre|>ared an antigen from Lilemcsoiiet ciin ' 
from the pleural cavitj of infected cotton rats and have performed both skin tests 
and complement fixation tests wilh the antigen diluted to 1 200 m carbnhzed phvsio 
logical salt solution The> have used iliis le t »n II banerefli infection as well >* 
infection with tea loa and On(ho<tr<a n»/ri It s However ihe reaction is not iprcifiv 
and It seems obvious that further experimental work must be performed before the test 
can be regarded as of practical value in Ihe diagnosis of II better 0 i infection 

iKCiorbcr \vi> Divesosis is thi Souti: FAcirrc 

The instance of filanisis has been increasing rapidl) m the Fastera 
Islands of the South Pacific theater Clinical sjmptoms were usually 
first noted about 9 months after exposure to infection and after is months 
the number of infections increased rapidlj In some localities the increase 
has assumed epidemic proportions a total of 319 cases being reported 
from one theater Man> have been in troops stationed in the bociety 
Islands but a sij,nificant number have also been reported in British SamoJ 
(he Cook Islands Tonga and Tongarava . 

Dickson Huntington and Eichold (i04j) have studied 251 cases 0^ 
acute lymphangitis m our troops in Ihe Samoan region The followins 
table shows the anatomical distribution of the lesions in these cases 
emphasizes the fact that there were few instances in which the leg alone 
was involved and thev point out thit in this, region the scrotum was 
most commonI> affected 

Patients with unilateral scrotal IcMons only 
Patients u ith unilateral arm lesions only 
Patients v itb unilateral leg lesions only 
Patients w ith bilateral scrotal ksioits only 
Patients with bilateral arm lesions onl) 

Patients vv ilh bilateral teg lesions onl> 

I atients with multiple involvement 
Scrotum and \rm 
Scrotum and Leg 
S rotum krm and Leg 
Arm and Leg 

Buxton in a survey made in earlier years made similar observations 
Dickson ctal observed that the lesion usuallj started with a I>mphaceni 
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demonstrated that Fouadin will destro> the microfilariae in these animals 
it frequently w ill not kill the adults even when the drugs used later cause 
the death of the dog Brown and Austin (1939) have also reported that 
stibosol atrivalentantimony compoundcontaimng sulphur might sterilire 
the blood of dogs Of 15 dogs treated 3 died WTiile both of these drugs 
are tertainlj immicable to the existence of microfilariae it seems evident 
that the microfilanae in tbehumanbodymaynot bepcrmanentlj removed 
b> doses of these drugs which are not toxic to the patient 

Anthiomalme has also been used in human cases but only causes tem 
porar> diminution in the number of microfilariae 

Brown m recent studies has given 3 cc intramuscular!) at daily 
intervals for 5-15 injections Most casei> showed a marked diminution 
in the number of microfilariae shortly after treatment and all cases showed 
a diminution at the end of 6 months However 40% vomited to a greater 
or lesser extent some so severely that the drug had to be withdrawn tem 
porarily or the dose decreased 

Culbertson and Rose (1944) have reported that by injections of 
neostam (stibamine glucoMde) they have been able to destroy the adult 
filarial worm of cotton rats LumoiOtda emnn which dwell in the pleural 
space However as noted above Chopra has tried almost all of the 
pentavalent organic contributions m man without favorable effect 
Solustibosan IS the most satisfactory of these drugs seep 286 

Owing to the destruclive effect on haemolytic streptococci produced 
by sulfanilamide (prontyiin) and its related compound prontosil and 
the favorable results reported in the use of these preparations by Nelson 
and his associates (1938) m the treatment of 347 cases of erysipelas there 
was hope that sulfanilamide may prove of value id the treatment of cases 
of filarial lymphangitis complicated by haemolytic streptococci In 
406 cases of erysipelas at Bellevue Hospital Newkork (1935-6) treated 
with erysipelas antitoxin the mortality was in adults 9 per cent in 
children 37 5 per cent while of 4 473 cases treated (1930-37) with serum 
ultra violet rays \ rays and local Irealments with dressings In adults 
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2 Lymphadcnopathy is almost aluays present Predommatelj it iscf 
inguinal axillarj and epit?ochlear mvoUenient this later being said by 
some authorities to be verj characteristic 

C Laboratory There is «o specific lahorahry lest vhich u leneraUy 
appUcahh and rtltahh for eonfirmattau of diagnosis 

1 MsCTofilanae — To date microfilanae have been detected in onlj 
one or two doubtful instances Manj thousands of searches for the 
larvae have been made m concentrated blood and m men as long as ji 
months after their first sjmptoms tvith negative results 

2 Adnh lilaria — Adult and degenerative adult worms have b«n 
frequentfj detected m enlarged hmph gland biopsy specimens The 
damage resulting from this procedure however males it a 
diagnostic test 

3 Complement fwautwi tests and slin lest reactions are of limited 
value and arc still in the experimental stage 

D Dtagnaslic exemse test 

I Exmxse Tert— Between acute episodes when physical findingsate 
not present exercise particularly of theiypethatrequitesheavyevertion 
including walking ususUy initiates a recurrence These recurreBces 
frequently are characterized by such typical physical signsas tolwe the 
diagnosis no longer in doubt 


TREATifCNT 


In treatment the psvcbological aspects of the problem should not be 
lost sight of It has been pointed out that some fantastic worries ana 
erroneous impressions have developed in a number of patients and that 
there has been fear regarding the transmission of the disease to wives ano 
offspring or that sterility might develop That these fears are based on 
unfamiliarity with the facts should be carefully explained Patients 
should be transferred from the endemic areas as soon as is practiable and 
until they are transferred (hey should be protected from mosquitoes atio 
this IS desirable even if microfilanae have not been found in the bl^d 
The prognosis m early cases is usually excelfent providing (he indwdua 
IS not exposed to repeated reinfections 

Drugs — drug li i.no«n to be specific lot the treatment of If vrhtt 
erta hancrofti infection and none that mil destroy the parasites during 
the life of the human host , 

Potassium amnaony tartrate will sometimes temporanly diniiaisn 
or remove the microfilanae from the peripheral circulation but they 
generally return later 

Fouadm (neoantiraosan) a tnvalent antimony compound antimony 
pyrocatcehin disulphonaic of sodium which is Jess poisonous has a 
similar but not so powerful a filanadal effect Chopra (1936) has tne 
almost all the pentavalent organic compounds of antimony without any 
favorable effect The value of Fouadin m the treatment of Dtrojum^ 
jwimiiii infestation in the dog has been studied by AVrtght and Underwood 
(1934) and Cheu {rsj*) and Johnston (r936) vyhiJe it has been 
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and chddten tlie moTla\ity was 84 per cct\^ Iti 347 tieaVed in 
1938 with sulfanilamide it was but 262 per cent However the drug 
may be to ome extent tone and must be used with caution 

Buttle (1939) reports good results have been obtained in a few cases 
of elephantiasis ot nlaiiat origin by the administration of quite small doses 
of prontosil rubrum 1 5 gtm daily for 6 da>s A rapid subsidence of 
pam ternperatutc and swelhng followed its use and the condition appeared 
to be completely cured and there were no records of recurrences 

Ray (igii) wbu btUeves that the mflammatoty attack* ate notdu to slteptococcii 
infection but to the adult parallel empha* tea that sulfanilaraide has been effect \t 
even when no secondary stieptococnl inteciion la pieseot For recurrent attacks he 
suggests induced pyrexia by benign tertian u Una Ramanamurti (194 ) bas aho 
advisedtKeujentaulficulimuiebuinottbeiadictiooof nulanat rtreatment Earle 
(1941) has also found striking beneficiat xtsidta from Mdftpyndine for tbelynphadeniti 
compticating hUnasis ptob bly doe to secondary atrei toe ccal infect on 

S nee there IS no remedy jet known ibstia effective for the destruction of thefilarue 
the treatment must be Utgely symptomatic For acute lympbargitis the treatment 
should consist particularly of rest and clevati n of tfe affected part healing lotions with 
mild aperients and morph a if necessary to rel epain S ibsequenilv the extremities 
should be elevated and firmly bandaged Since ui many cases of filanat lympbangitis 
there is secondary infection with stteptoocn ot staphylococ 1 vaccine treatment ha* 
b en recommended by a number of b erver* 

Vaccine and Serum Trestneat— Rose in Bntisb Cuiana after preparing auto 
geneus vaccines ft m siteptoeocei and siaphylocorci gave these m doses of leo to aeo 
millions at fortnightly intervals in 60 cases He repo ted that none of the milder rases 
Riapsed a doniyiooftbe 0 which had tasted more than a ye r Cood results were 
als obtained by tVise and Ros in cbeckin with vaccire* the recurring attacks of 
Ijmphangitis 

Aubin and bade* 1 ha e cmplojed iniections of aniisi eplococtus lipovaceine in 
16 cases of lymphangitis and elepluot as They claim that a c urs of the e iniections 
produ «d ra( d and complete improvement in the lyn phnngitis wah fe rer and less 
severenl pse* whether the conditionw *a sociated mih filsrias s or not Thcrewas 
someshnnki g of the elephatitoid swelling a d cessation of an existi g lym{ borrhoea 

OCo nor (193O has ^d abundant pportuoitiestofollov up many casesin I uerto 
Rico where the patie is with filarial lympbangiiis have bad vaccine tr atment and 
many k nds of injectiors He has f und that ( II wing anti treptoc ccal vace oe 
therapy many patients cease to have otlacks for from a x monlhs to a year but sooner 
or larer every one of them has further attacks Ife has also found that simil r relief 
iseqiatlyc mmon following treatment with antiplagu serum antidiphtheritic serum 
antitetan c ser m and ordinary TAB vaccine against tyx hold fever or used intra 
venously as proleiB shock and h asks «h tber this result from aceme treatment mav 
not be a temporary cute from protein shock latber than an viden e ot immun ty 
sga Qst speof c bacteiu 

frsce a d Crs « (ipji) poiuted ut that streptoc ccal vacc oe therapy was in dis 
fasor at the Pub! c Itospiul nl orgetowo Bntish Tuian ihough it was d ff cull to 
discover a sci nli' c basis lor this altitude They ha e emj byed inlr mu cular or 
intravenous injections of anUstr<[tococcaI serum I the treatment of e? ca es S a of 
the cases were given occ Intiamusculaily and one a gra eta e jocc i iravenously 
They altiibuled tl e sec very of the ny severe case to the u e f the serum and e n 
clud d that the use of such serum in lymphangitis was oi 1 rncouragm a drrobably 
has a place in the treatment ot lyrapbangtis Oehanet f 9J4) has reported favorable 
results in aborting attacks of isSstaniatoo u the majority of cases by the use of a 
polyvalent streptococci serum 

Treatment of Chyluna.— Anderson thought that bexamine and emetine nugbl 
have some effect Chopra and Ra reported s me decteas m chyluna and Jym 
phangitii after tryparsim de Injecuona Sheiwaui f Oil) has reported that an inter 
miUent bsemalochyluru with nucrofilanae cleared up aller teo uiiramuicuUr injection* 
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there IS eaougli soun<} prepuce reraaining to CD>er the distal s or 3 inches so that usually 
there IS sufficient sound skm for a 5 inch penis 

The flaps tchicb are to eo er the penis and testicles should be mapped out with 
shallow incisions and taie must be txeitised that only sound skm ts included va these 
flaps Fauntleroy advises a horseshoe shaped incisioD commenang at the left side of 
the base of the tumor about i inch from the thigh and about at the level of the penis in 
health The incision is earned downward and passes just below the opening of the 
perns on the tumor surface A similar inctsioii on the ngbt side completes the horse 
shoe curve Ne t a downward inciswn in the sound slun is made over the postenor 
surface of the tumor thus encircling the base of the scrotum The anterior horseshoe 
inasion is now deepened to free the penis care being taken not to injure the spermatic 
cord Nest the incisions are deepened bte ally until the testicles are reached The 



Fig joj — Cl ph nt s of the scr turn B«f i« ope t on (Fa ntl roy ) See F s 
30J 

testicles are usually in the center of the tumor imbedded la a blubbery tissue from nhicb 
they can be easily stripped The remains of the gubemacuU are the i hooked up and 
cut close to the testicles The tunicae raginales an often thickened and contain fluid 
which has to be drawn off In 60 per cent of lau tleroy s cases it was necessary to 
remove one testicle on account of este si e d sease One must Iso beat in mind the 
possibibty of henual conpbeat ont and undesceiuled testicle 

A sound IS now introduced into tbe u etb a and the s ptum of the scrotum di ided 
close to the sheath of the penis then dissect g way the blubbery tissue \t this stage 
there may be considersble bleeding The testKies and spermatic cords are then dis 
lected away from the tunicae vaginales The pen s is now freed by a circular incision 
around tod above the opening in the anteno part of the mass The remainder of tbe 
bo sesboe flap is oow dissected up and the perns freed The pr nmal covering for tbe 
penis u made Irom this horseshoe S p which is stitched to the distal one shaped from 
tbe prepuce carefully trimmed of ci^hantoid t^ue The lateral flaps are brought 
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of oeostibosau iht tJose using from Uuee fourtlis o( 4 gtim to j graiM Hoxtvtt 
on the tkhole drugs usually art apparently ot iiUte value in the treatBeet ot this co» 
plication Patients subject to the condition should have rest in bed laiatives snd 
restMctioo of fluids and fats The chyluna is idten relieved by avoidance of fat la ths 
diet 

Manson Bahr {igjfl) especially adviKS nashmg out the bladder -ftiih some bland 
substance such as boric aod and if there ts an adoireture of blood styptics may be 
added Cbopra (1536) has found that sodium citrate in large doses is el value tor tbe 
prevention of clotting of the chyle m the bladder 

Golden and 0 Connor (1934) have treated 7 cases with roentgen raji applied in tie 
lidaey regnja Uhi!« owing to the short senes of cases and the short obsemtisa 
periods tj months to 3 j ears) conclusions are tentative tn all of these cbylima ctssnl 
for at least the time coincident with treatment 

Surgical Trejlment 

In elephantiasis of the limbs much ina> be done in the early stages 
by rest and elevation of the affected part and constriction bv bandag'Sg 
and the use of elastic stockings ilasstge may also be oi assisfssre 
Knott (xgjS) has found after expennicnts nitb 105 unsciccted patients 
with elephantiasis of the fcgs observed during to months that treattceot 
wUb pressure bandaging with cotton elastic crepe gave very jalisfactot) 
results m many instances He found that prolonged firm bandaging 
effects a gradual removal of the Jympboedema in filarial elepbantiaas 
of the leg the patient gets prompt symptomatic relief from bis discoo 
fort end recurrent attacks of lymphangitis often cease 

When the elephantoid tumors reach a sue which greatly incon'W 
lences the patient operative measures may be undertaken The most 
salisfactorj procedure in cases of scrotal breast or labial elephantiasis » 
removal However sotcetimes following removal of the affected part 
elephantiasis elsewhere parJiculariy of the legs may occur 

In clephanUasts of ite Krotum it bat been stated that tbe important queslwn 
involved is the removal of a butdensome mass wtuch however is in iw way a scarce 
of danger to tbe life of the patient At tbe same lime such patients are Subject ta 
attacks of efephantoid fever a condition not without its dangers There is one factor 
not usually brought fomatd sod that i» the remackable effect of a successful op«*U®’* 
oa tfw mwifal state 0/ the patieat TIus rt »eH shown m the aceampanyiD? iliosw 
tiona of the patient before and after operation If sexual deficiencies are of so powerful 
an tafluence on p«»B» 0/ educalion how much greater must they weigh on an uneau 
caled Bitive with but few of the higher interests of life . 

Prior to opecaiion the patient sbould be kept m bed for a day or so to lessen IM 
amount of fluid and to secure relaaation of tissues Thorough senibbing wilhsospan 
water the day of and tbe day before the operatton and the use of alcohol as an aBUsepW 
are impoetant Some prefer todioe . 

For the operation the lithotomy posuwa is euployed An assistant supports toe 
scrotal tumor » rapped in a sterile towef rauntleroy does not recomioeod a toorni^W 

to the base of tbeiumor as in his ^oionrt assists but little in eontroUinghaeraortbai:* 

and endaftfcrs asepsis Kaenwstats answer better ami as the vessels which give mas 
trouble are deeply situated the elastic cord would not affect them InsoDneeaSrttoert 
IS very little bleeding Tbe upper part of the- pear-shaped tuinor usosUy a' , 
sufficient sound skia nest the thighs fiw the flaps As a rule the elephantoid tissue doe 
not involve tbe upper i or 3 locbescrf theslua anteriorly which is thus available to cov 
in the base of the perns In addition tn this covering foe the perns there is a long pre 
pure which has been considerably stretch^ so that after removuis all elephantoid tissue 
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Yolta awa (1958) has stud ed Ae cbaVM fcr t»»sn>Ksion of 0 tide trio 6antfo/l> 
bvtheitiUtmediaWmosquilo rutetfUijOM Retoiodth* themaiureUivieftotntfae 
tno quiio failed to penetrate the nonnal shin ol tmte and «et up an infection Hovrever 
byVhe&piUcationofUrva* uspendediasafinesofutwR over the broken sitm of m re a 
limited number ucceeded in entennij ihe saficttaneous t ssues Atso nfieti farvae 
were set free from an infected oiosciuitotlunng the act of bitng only a few were capable 
of invading the de pet listues by way of the otiiim left by the bites (.ft should be 
bor le n wind It-al nice are not noHoal hosts ot H 6<i«r«/ii) From his expenments 



Pic 3 i - fcl ph nt a I f th »c loin Afte oc«ration Note chatig n m ntal 
t l< IPaunttroy) COnpatewitfi Fg } a 

yoltsjawa concluded that fox inf rljoh t> lakepIgreanoriGceby wh ch the Jan-aensay 
gain an tatiance into tf e tissues houM be present and Art Ifaere mu t be sufficient 
moisture for the laivae to work the x way actively into the sLin by such an orihce 
Hence the chanc s ol the iiansmis ion of ^rtas s by the m sq 1 to is lunitcd by a num 
ber of adverse factors which may soraei mes eapU n why ih itntnigtaUon of infected 
persons nto districts infested with m <{19 lots which ait known to be capable earners 
ol the parasite f hlarias s does not starl outbreaks ol the infection ard such d stricls 
are not conve ted into Iresh endemic centers 

Prophvlatis should consist in (1) the destrucHon of the mosquitoes 
and their breeding places c peauU} in the neighborhood of dwelling 
bouses and (a) ptotection from the biles of mo quUoes E\ery earner 
ol blanasis with rnicrofilarwe in the blood is a danger to the commuruty 
and should be isolated or protected from the bites of moscjuitoes especall) 
at night by a roosqviito net 

O Cossor and Itcatty (ipjb) aftet onich study asd esper cnce recommended that 
lo areas of h gh human and mesquto infect e iDcidence the fDltciwiQg local tstaiures 
Aould he earned out 
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together with Lnen or silk worm gut sutures laiving space fora drainage tube and»e 
thus form a new scrotum for the testicles 

The mortality following amputation of large scrotal tumors does cot 
generally etceecl 5 per cent even in countries where aseptic surpal 
technic is difficult to obtain Pauntleroy, who per/orraed J49 such ope: 
ations m which tumors ranging from 10 to 85 pounds m weight were 
removed, did not lose a case 

For elephantiasis of the leg an improvement in the surgical treatment has been made 
by XondoJeoD who by lemoviDg Jong broad stnps ol the byperphstic eaheutaneota 
tissues douti to and including the deep fasaa in the leg aimed to establish an anaslo 
mosis between the deep and superfiaal lymphatics A modification of this operation 
has been advocated b> Auchincloss The operations necessary are usually pedormed 
10 successive stages Auchincloss baa made use of the roentgen rav before the operation 
to disclose areas of extensive fibrosis of the subcutaneous tissue with thickening and 
obliteration of the vessels and lymphatics calafication of the filarial worms together 
with calafication of the blood vessels and the presence of filanal worms deep iQ the sub- 
cutaneous tissue or lying in the deep fascia thereby removing the diseased tissue and 
the filarial worms lying in intimate contact with it Thus he aims to establish better 
lymph drainage for the subcutaneous tissue which then hes m direct contact with toe 
muscle 

Bertwistle Auchincloss Torgerson and Del Toro have recorded good results from 
these methods of operation upon elephantiasis of the leg However it is onV 
several years that the real value of the operation can be determined since alter long 
penods of time the elephantiasis and attacks of lymphangitis may recur 

Abtew should be treated by the usual surgical procedures such as hot conpre$ses> 
evacuation irrigations and antiseptic dressings As a rule vsneose groin glaam 
(odtnnanx) should not be operated upon for the removal of the glands u bkely be 
followed by elephantiasis of the lower extremities or irritating lymphorrhoea may 
result 

Golden and O Connor (1944) have recommended the roentgen treatment im 

lymphangths and adtmlis Fifteen cases were so treated At first merely local ysts 

were irradiated but later the entire leg The impression was gamed that larger doses 
and more prolonged treatment gave better results Four cases so treated had no 
further attacks in two attacks were as before irradiation while in some others judg 
ment was difficult 

Recurrent attacks of filanal orchtltt usually lead eventually to hydrocele rot 
filanal orchitis with effusion into the tunica vaginahs hlaitland recommend* mm mn 
into the tunica turning out anycJols that may be found in the sac and stuffing the latter 
with iodoform gauze 

Lymph tcrolum should be supported by a suspensory bandage and protected 
the slightest abrasion It should be kept scrupulously clean and well powdered wita 
talcum Only if inflammation is of frequent occurrence with debihUtiug 
rhagia and passes into elephantiasis of the scrotum is surgical removal recommendeo 
In the eipenence of Manson Bahr violent surgical interference with the lymph vances 
of the scrotum may result in cbyluna or elephantiasis of the leg 

PROPHYXAXIS 

O Connor and Beatty (1038) in the study of filanasis in St Croix 
Virgin Islands where filanasis is very prevalent found in the examinahon 
of 5 000 Cidev feUtgans only y 3 per cent contaroed fully developed wfec 
tive larvae and they concluded for various reasons that less than i 
cent of Culex faligans in the infested region succeeded in so depositing 
their larvae as to insure the tatter entenng their definitive host man 
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\okasi«a (1938) bas sluoied ibe chances for tiansm jsion of Tl uciffcr >1 4 a trofti 
by the intermediate mosquito Cnfet llefoundtfatthematurelai aefromthe 

mosquito fa led to penetrate the normal skin of mice and set up an infection However 
by the appl cation of larvae suspended in sal ne solution over the broken skin of mice a 
limited number succeeded m entering the subcutaneoua tissues Also when larvae 
were set free from an infected mosquito dating the act of hitmg only a few were capable 
of mvad ng the deeper t ssues by way of tlie onfic s Irft by the bites (It should be 
borne in mind that mice are not nniinal ho ts of tf 4 a cro/i ) From his experiments 



kokagawa concluded that for infect on to take place an orifice by which the larvae m y 
gam an entrance into the t ssu s should be present and tb t there must be sufficient 
moisture for the larvae to work tbeu way actively into the skin by such an onfice 
Hence the chances of the transmission of hlanas s by the mosquito is linuted by a num 
ber of ad erse factors which may sometimes explain why the immigration of infect d 
persons into d stiicts infested with mosquitoes wb ch are known to be capable earners 
of the parasite of fil tiasis does n t sta t outb eaks of the infection a d such districts 
are not con cited into fresh endem c cc teis 

Prophylaxis should consist m (i) the destruction of the mosquitoes 
and their breeding places espeaally ra the neighborhood of dwelling 
houses and (2) protection from the bites of mosquitoes Every earner 
of filanasis with microfilanae in the blood is a danger to the community 
and should be isolated or protected from the bites of mosquitoes especially 
at night by a mosquito net 

O Connor and Beatty ( 938) after much study and experience recomm nded that 
In areas of h gh human and tnosqu to infective mod ce ^e following local measures 
should be earned out 
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t The nature of filanasis its transmusionand prevention abouM becompletelyaej 
simply explained to the occupants of the house where control measures are instituted 

a Suitable containers for potable and other water supplies should be sdequitely 
screened with w ire netting ^\ here containers are not suitable they should be replaced 

3 The use of the mosquito net should be demonstrated (If the occupants tturnit 
afford them these should be provided from public funds ) 

4 The proper maintenance and use of all screening should be supervised at intervals 
by the existing sanitary officers 

5 \\ hen possible occupants should be encouraged to keep fowls in their yards nn’ 
the house owing to the fact that Culex fatigans is perhaps almost as partial to this kind 
of blood as it is to human blood and hence fowls may aid in distracting mosquitoes from 
biting man 

6 The number of mosquitoes in the houses and the percentage of these which are 
infectiv e should be recorded from time to time in order to evaluate the results of pre 
ventive measures 

7 Efforts to have adult mosquitoes killed daily by the inhabitants while highly 
desirable will usually be found impracticable This measure would be too expensive 
for government maintenance but where full cooperation is assured should be adopted 
to supplement the foregoing 


MlCRoriLARiA Malayi (W uchereria maUyi) 

Another sheathed microfitana of nocturnal periodicity has been 
described under the name of Aftcrojilana malayt (Drug 1937) According 
to Lichtenstein Uicrojilcrta malayt differs from Mtcrojilarta bancrofl' 
not only morphologically but also biologically Until 194® 
microfilariae of this parasite had been described In that year Rao and 
Maplestone reported finding the adults from a Ivmph filled cyst m J 
patient %hich showed only \ff matayt in the blood Chandler noted 
that these adults were \ery similar to H uchtrtria hancrofti The femalM 
as described were indistinguishable but the male of malayi is reported 
to differ from bancrofti in such minor details as the number of papillae 
and the structure of the spicules 

Low (1942) suggests the name of H bancrofti mola)t owing to the 
slight differences Manson Bahrpointsout that II ^acijica should not be 
confused with this species which he remarks may be one in evolution 
which Baylis (1942) prefers to regard for the present as a subspecies 

Donne C and his associate* (1941) have also reported the finding of the »dull w* *' 

and female of II inolan in a male Malay patient who died frorfl urosepsis 
operation for vesical calculus The patient did not show symptoms of filanisis but js 
blood contained numerous Mierolilariat mclayt In some enlarged loguinat gls“ * 
and one popliteal gland at autopsy one complete male one complete immature fema e 
and a number of parts of mature females were discovered They closely resemb 
II bancrojli The mam difference seemed to be the number and shape of the cloaca 
papillae and folds as indicated already by Rao and Maplestone Lichtenstein i 
1937 working on the north coast of Sumatra found his attempts to infect various 
Culictncs (among them Ct Ux/oligani) with microfilariae yielded only negative itV4 • 
although 320 mosquitoes were examined This fact and because no acute forms 
filarial disease were encountered m the region although elephantiasis of the lower ^ 
was common suggested to him that the filanae might represent a separate species fro 
U uchcrrrta bancro/U Drug (1927) examined the thick drop specimens of blood sen 
him by Lichtenstein and found a microfilaria which could be d stinguisbed from 
bancrofti The following characteristics were emphasized tor its di tinction irom 
Murofilaria bancrofti , 

(i) The presence of 2 or 3 discrete nuclei in the tip of the tail (a) w having an an 
pore open further anteriorly (3) m several other mmor and according to Lichtenstein 
cbaracterisUc differences m length and internal structure . 

Faust (1929) examined thick blood smears prepared by Drug and says that i 
parasite has been so definitely desenbed by Bmg as to leave no doubt 
the family Filanidae and that the specific charsctenttlct given lad 
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that It IS a distinct spec es probably teUted to ff uchtreria bantrefli Faust gi es the 
following descript gn 

The larvae measure 250 to shOfi inlengtli by 5 to 6(i greatest tub eadth They are 
invested with a sheath wh ch la very much longer than the larvae The cuticula is 
very delicately striated The anteriot eatienuty is bluntly rounded and bears a double 
stylet process The e are no nuclei in the antenor most 1 to i6#i The excretory pore 
IS about 28 per cent distant from the antenor extremity and the anal pore about 76 per 
cent (Btug s Co responding measurements are sS 6 and 77 7) From the region of the 
anal pore the body decreases to an acuminate c udal extremity At the ettreme caudal 
termination there is an elongate nucleus and about iom m f ont of this nucleus there is 
an oval nucleus the two being much more darkly sU ned than the other nuclei of the 
m croSlana Genital c lls (G G -G ) can be seen with difficulty a tenor to the anal 
pore Faust (194a) says the most di tinctive character is the presence of the two 
discrete nuclei in the tip of the tail 

Feng {1936) has studied the developmental stages of the larvae in the 
mosquito host He has found that like W wdiererto bancrojii there are 
3 true larval stages and 2 ecdjses He regards the G cells of the larvae 
as not genital cells but believes the> arc responsible for the formation 
of the rectum and the anus 

He has also made a comparative study of the anatomy of Micrefilana mahyt 
Ifi re/iorto b nc and Iftoro/ti aloe lie points out t^t ifurojllorio molayi » 
structurally near to Uw e fee except for its (ail He agrees that il c Jila e 
molayt probably belongs to a distinct species but until the adults sis found this point 
cannot be definitely settled 

The following table summanaes the differences between Mtcrafilana ba c ofti 
btxcrtfiia a malayt and i/i ntfiJ a laa 


Table or DirrsBEKCES bctweeh ifttra^filana Saitf fit iff Ualayt anpJ// Lea 
(Adapted from Feng 1933) 


Iff 64 «cm/ 1 i I 

Uf palay 

iff la 

t Periodicity usually noc 

Periodicity nocturnal 

Penodicity diurnal 


tumal 




a be gth 544 to 596 It (th ck 

Length 177 to 23011 ((hick 

Length 230 to 300^ (thick 

films) 

films) 

films) 


3 Excretory cell small 

Excretory cell Urge 

Excretory pore si 

milar 

(30 73^") near cicretory 

(3707*') f r behind ex 

(366®*) to iff n 

lefoyi 

pore (aSgsv) 

cretoiypor (3009®') 

(31 6®*) 


A G-ctlU small * m lat swe 

G cellst larget G rela 

G-cella similar to 

iff 

Gs-G far behind G Gi 

livel) near a d larger 

1 natay 0 68 6" 


70 4"’ 

tbanGs-G« Gi 68337 



5 Anal pore 82 48** 

An I po e 82 28®' 

Anal pore 8 gv 


6 Tall taperisg to d bcate 

Tail swollen at leveb of 2 

Ta 1 t penog graduallv 

point no terminal nuclei | 

terminal nuclei 

caudal nuclei conUnuous 
with those of the trunk 

7 Appearance graceful 

Appearance stiff with 

Appearance similar 

to iff 

sweeping curves 

secondary kinks 

nwliiyi 


8 Pathology clepb liasis 

Pathology confined mostly 

Pathology tufit ve 

swell 

of lymphatics of scrotum 

to lymphat c of lower 

ing of subcut neoi 

us t s 

as well as xtremiucs 

c trem ties 



9 Intermediate hosts opti 

Int mediate hosts if an 

Int tmedi te hosts 

Ci y 

mum Cuftxfali 1 

sa a spp Anopheles 

rfl^t spp 


SPP 
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Geographical Distribution and Prevalence — ^This parasite has not only 
been reported from ^lalaya and the East Indies, Sumatra Borneo ^ew 
Guinea, but also from India espeaall> Travancore, Indo China Cejfon 
and South China especiail> in the region of Huchow Lichtenstein and 
Brug first observed the microfilariae in the Celebes, but point out that 
It IS found sporadically m every part of the Indian archipelago 

Brug (iQjj) pointed out that in the Dutch Cast Indies nUna malay* is more com 
mon than Fitana bamrofli In one locality 47 per cent of the population harbored 
iltcrojilijrta malayi In Sumatra on one estate 18 per cent trere found utected 
Bonne crammed 1360 persons at Sockaboemi Java and found that 3 harbored 
}! uc/rertria banerafli and 7 iff naUyi Kotle also found 1// inalayt in Balaso/e 
Orissa India 

Iyengar (19J1) points out that (he type of fibrial infection occurring in t<ro coastal 
areas in Travancore has been found to differ from that observed to other parts of India 
\\ bile both types of filarial infection occur m Travancore those m the sandy coastal 
areas resemhfe iftcrojUarm malayt In fater studies (1938) he reported 10 7^7^$ 
blood examinations iff mufoyi nas present in 6138 and ilf bancreju in 3S29 and both 
parasites in 64 

Dassanayake (1939) in the southern province of Ceylon found 80 per cent of the 
hlanat infections due to Jf/ molayt and »o (0 HJ bancrp/li Poynton (1938^ stilt* 
that infection with ff b4n<tcfu in the Federated Malay States 15 sporadic apart f«» 
Singapore and that the endemic infection u caused by J// inofiiyi 

Feng found a case of infection with this parasite in Wenchow Chekiang China 
and suggests that it may be a common infection in this particular province ot CheaiSDg 

Transmission — ifosquUoes tihich are Lnown to be inicrmediate hosts 
of this filaria include Mansontotits amutohii, M cnnuUJtra AnophtUs 
barbtTOitru and A hycanus (var stnensts) 

With reference to the intermediate host Brug found that m oo* 
locality where 47 per cent of the population harbored iff fnah)t 
fattgans was absent in thousands of mosquitoes caught in the houses there 
MansomotJes atniulalus and Mansonmdes annuhpes were by far the 
commonest local mosquitoes and the microfilariae occurred practically 
only in them They were found naturally in/ec(ed in r 9 and ^ * I*J 
cent He also found this species acquired erpenmental infections with 
Mf wafayr to the extent of 8j per cent respectively All the species of 
Mansoinotdes are nocturnal feeders The Mansontotdes larvae and pupae 
are found in the water in pady fields m association with plants on 
which they depend for air Iyengar says it is only on the under surface 
of Ptstia leaves that the eggs are deposited 

Bonne likewise made attempts toinfcct Cvfee/utigoRi wiChFiforiu mpluyi but failed 
in the attempt thus confirming the negative resets previously obtained 

Iyengar working in India found that this microfilanae did not develop in 89o 
eTperimenlal Cultx Joliftns but readily did so m btansoma annulifera In the Utter 
mosquito natural infection was found in >6 per cent of over 900 specimens 

Jurgens working in Mamoedioe in the Celebes showed that Anophclfs barbi'oslns 
was a good transmitter of this /V/ir la lie was ahfe to infect arCifiaaJ/y 8j per cent 
whilethenaturalindexofinfeclionwasSppercent In both instances thelarvaevit e 
found in the proboscis of the insect He states that this fairly hi^h infection rate oi 
Anopktles batbtroslns may account for the density of the infection among the village 
population (37 per cent) notwithstanding the comparative scarcity of the mosquito 
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iUnsontoJtt annulipts already tnown is a pissibic vector was present in stnali 
numbets A ipecies of Aides (not idenufeed) cniM not be artificially infected 

Brug ti93;> made further studies m latoe Division Celebes and concluded that 
Anoplules ba 6 rosins u probably the most importaot and indeed only carnet In that 
region The natural Infect on indee of this mosquito was 8 i pet c nt about half con 
taming mature larvae The artifi J*1 infecUon indea was oo per cent Development 
of the larvae in this mosquito was cxnaptete u» 8 days 

Rodennaldt (igjt) in Java found Uawonioidej annul fe a was especially infected 
with this imcrofilana— 7j 6 pet cent out of qi lodviduats In other regions If 
annulalus lonjifniu andunijerei sareaWIonndwfected GaWiasdf. ^ioJalvaheUevts 
if indieui is concerned in Indo China 

Feng (1Q36) found that complete development tn the appropriate 
mosquito (as for example AnofhtUs hyr an is var jmerrwr) required a 
minimum of only 6 davs 

Pathology — In the Dutch East Indies Brug states that \Ucrofilarta 
molan is mote often associated with elephantiasis of the legs and T1 ucher 
ena Sanerojfi with elephantiasis of the gemuls Eighty pet cent of the 
infected individuals in one estate in Sumatra suffered with elephantiasis 
However in other parts of the world it is cleat that U bancrofu 15 the 
species most Jrequentlv associated with ekphantia is of the legs 

K«ke \n India also states that Mf molayv appears to he associated 
with the areas where elephantiasis of the lower ertreroities is present 
while I// bincrofti seems to prevail particularly in the regions where 
hvdrocele is common Iyengar found the genital organs rarely infected 
but elephantiasis was seen in a child of 6 years 

Galliard (1940) in a study of A// mafoM m the blood during 34 hour 
periods observed that the rnaxtmum and minimum numbers that were 
found on different occasions at different hours and the total numbers 
at these same hours were quite variable 

Massonioides mosquitoes are peculiar m that the aquatic stages 
deaetop under water the larvae and pupae obtaining ait by piercing the 
roots of Aifio (water lettuce) plants less often other aquatic plants 
\\engat has found that the inlecDon can be controlled by destruction 
of the PuJia plants m ponds and swamps bwtet and PiUai have also 
reported successful results in the elimination of the infection in North 
Travancore by destroying Asfio and Afansonioirfrs 

Dipetalonemiasis (Acaotbocbeilonetaiasis) 

Deiiaitioa — An infection due to Ds^ftalonema Persians disseminated 
in Africa bv Cnlicoiifei atiifeni 

Geograpbical Di tribution ui8 PienSeBce —The edull piiwite » ai discovered by 
Daaieh in Demer ta Indians Pntisb Gwans %od was subsequently described and 
named by Mansnn who also first discovetedthemiCTaflana in tbetloodol n groesfrom 
the Coiga in The m ro&iana h»4 b eft (oucvi very c mmonly in Vte blood o5 

natives m la ge di tncts ot tropical Atnca beioe frequently recorded from the Congo 
Nigeria the Cold and f ory Co sis and in Serra Leone It is common in nortbe n 
Rhodes a and in Uganda where in some districts it may be lound in qo per cent of the 
population Cbnsiic who made blood exam natuns in eastern Afnc from the ^ud » 
southward and eastward to Entebbe foinid in many areas (com so to 75 per cent of the 
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inhabitants infected 55 7 PM cent of infection in the nomen and 47 percent in the men 
4S per cent of the children marmanerc also found infected Cases have also been found 
in Alters and Tunis 

On the west coast in the forest portions of the Cameroons Sharp has found not lea 
than 9* per cent of the mhabUants infected lowest Gabon Calhard found a wide 
prevalence particularly in the native women and children 45 8 per cent being infected 
The degree of infestation however varied greatly in the several districts In certain 
parts of the forest the women and children seemed to be immune while m other parts 
the blood in loopercent showed the microfilariae As a rule children between five and 
twelve years were more frequently infected than adults On the whole the m«l 
extensive area of infectionin Africa is in and around the basin of the Congo Tbegonlla 
and chimpaneee are encountered in some of these regions and Ziemann and Rodenwaldt 
and Grigorovva and Nesturch have recorded the finding of thisFilarie m the ehimpanres 
and Reichenow has observed it in (he gorilla The parasite has been reported also from 
other areas outside of Africa especially in carher years in British Guiana and later 
according to htanson Bahr probably in New Guinea It has also been reported from 
South America in Venezuela Tnmdid throughout the lower stretches of the Amsas 
\ alley and in northern Argentine There appear to be no recent records from the region 
of British Guiana where the adult worm was first found 

It has frequ«ntl> been encountered in the blood of Europeans who have resided is 
central Africa where it is sometimes found in assoeialiea with Htcrefikna and 
il/tcrojffarKi hancroftt and in South America with Vtcroflortt c ardi m the ssoe 
individual 

Sharp points out that m west Africa, Ftiorta Persians while common 
in the natives must be regarded as one of the rarer parasites of the white 
man which he attributes to the fact that the latter invariably uses a 
mosquito net at night which is the only time the transmitting agent 
{Ciihcaidts) bites 

Description of Parasite — C^fanson i8gt lOike 
and Maplestone 1926) (sjn Aeanlltacfietlonema Persians (MarisoTi 1891) 
RaiUiet Henry and Langeron 1912) is classified by Yorke and Maple 
stone in the subfamily Setariinae and m the genus Dipetalenem 
Diesing 1861, m which the mouth is bounded by lateral epaulette hhe 
structures the spicules are unequal and the vulva is in the oesophagi 
region 

The adult worms are filiform tapering toward each ettremity especially pos 
tenorly Neat the tip of the tail in each sec there is laterally a pair of short * 
processes giving the end of the tail a trifid appearance The male is smaller t 
the female measuring 45 mm in length by 006 mra in breadth The diameter 0 
head is o 04 mm Close to the openmg of the cloaca there are four pairs of preana aa 
one pair of postanal papillae Two unequal rod like spicules may be seen protru g 
from the cloaca The adult female measures 70 to 80 mm in length by 0 ^ 
breadth The head is club shaped and measures o 07 mm in diameter 
pore opens about i mm from the head The anus opens at the apex of a papiUa si 
ated in the concavity of the curve formed by the tail 

The microfilariae observe no penodicity being present in the blood 
both by day and by night the numbers at different times often varying 
considerably RIanson Bahr points out that their special seat of 
tion IS not m the peripheral blood but that of the heart lungs aorta and 
other large vessels 
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They have cot been observed id the spleeo aod osly in rare cases in the Lver and 
pa&ereas Intbeblood the long (oimaofUie nuero&Iarue sometunes measure as high 
as joojj in length by 4 511 in width They possess »n a itiaatbable degree the power to 
elongate and to shorten thenuelves so that both long and short forms (the latter pte 
dominating from 90 to iio>i in length and A^ tn breadth) have been recognized 

j' 7 icr’£ij?fafi(i Persians is m any ca e much smaller than the micro- 
filaria of It uchererta bancrofti or of Loa loa and is further distinguished 
by the entire absence of a sheath and b) the character of its caudal end 
which IS imanabiy truncated and abruptly rounded off The V spot 
B about v> 40)1 from the cephalic eettetmW There vs no maited 
tail spot and no red staining granular mass can be demonstrated It also 
has a freer and wider motility than the sheathed microfilariae 

Pathology — The adult parasites have been found particularly in the 
serous cavities the mesentery and in the perirenal and retropentoneal 
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connective tissues and in the pencaidia) and pleural cavities where they 
ate sometimes found m considerable numbers Manson Bahx stales 
that Chesterman has discovered an adult female in a small cyst over 
lying the brachial artery Brumpt has reported finding single parasites 
in the tissues which apparently caused no reaction about them Rodham 
(1937) in one case found the adult parasites under the capsules of the 
Itidney Num rous iniestigatois have attributed no pathologic sig 
nificance to infection with Dspelalonema Persians largely on account 
of the fact that many individuals who harbor the microfilariae of thu 
parasite m the blood manifested at the time no evidence of disease How 
ever many cases of infection with 11 uthereria bantrofU exhibit no evidence 
of disease 

Inwildimmali otbeisptaesofSrla alonadinthesbdamioslcavityatefreovtntly 
ea!a6td when they mzy gi t use lo ntedeiate laflaamutory reactions and to some 
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adhesions Faust 0^37) stataa liat w * ^t<d *?«■« thr^Kenij 

WetJd ^nonlce^s Ihft wortti* characterKUaSy ««■ ‘"V®. r® 

epipJodn pleural liniftg and pericardium eiliere they set up considers 
with an. tccompanjriD-g fibrinous esudatc 


In the past few jears there has been an inctwstd antoxnt of er*M 
relating to the disltirbances caused b> DiptU!snm<t ^ 

had a tetj aide eepenenee stales that tt ui 

nematode from hlame as a palhogemc parasite “““ ’ ^tit 

good groonds for assigning to .1 a share m the “' >X“ 

L.c« of the groin as there ate grounds for designating n«te™ 
hancrojH as the sole cause of elephantiasis 

Braun and Siefert assoaate erection tviih this »=-5 

wgs and abscesses They also state that tt may P«'f 
believe that massive iniections lodoM a jf 

Chaobon has noted m a case ot sleeping signets tb p m,crofii»rije wwt t'** 

m the cerebrospinal fluid *" emtrSleat gUnd but 8ottl« 


m tbe cerebrospinal fluid m assocution «ilh .^nd but sot the 

present in the peripheral blood and in lymph horn «P ^ probably tlK««S^ 
trypaMSomes He concludes that the meninges «ere w aUer^ p 
the aehon of the tiypanosome that true ^ 

the jnwrofilariae from tbe circulating blood into the sobaraehnoi pa 


the jnwronUriaetwai toe eitcuiauug uwv- — w — 

Rodham has likewise reported calabar jh^ 3 Me«o 

mg of the feet which disappeared on rest swelling 

pliant FuUeborn also aUnbutes the cccuneace 
to this parasite and mentions the obsersatiow b> 
the association of oedema m the extremities and ptnlM^ 

resembling calabar sweU.ngs as being 

Manson Bahr sajs that possiW) transient it may forw 

of the gall bladder may be attributed to its presence and 
occasionallj subcutaneous cysts 

Mgrenas has reported a case m xvbich there "**, attributed to ihe 

dyspnoea precordial pain and a 50 per cent eosmophilia nhich was 

“'Sot (.«m) the POOTI. W “ WO' ™l»»= 

OTKliohJ ol I !XC Ct»t mrthgtoe W™ (d.K. d mo cc ) 

beenobsor«ed.aaev«to!si»c.osolmosq<^e. hotnoac of^ 

regarded as true intermediary hosts The true out 

So«Bttal»I by Sharp » C«Wo. » eapanmonts am 

,n the British Cameroons 


in the British cameroons 

II this twdge w aUwed to bile a man havu« ““'f *=<1 

•ii» Wood the larvae by the end oi 6 hour* have pawed out o They'"^ 
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hnnous portion of tfae labium Seven per cent of tbe wild & es were found to be 
infected in the region where the eapenments were conducted wnere pa per cent of tf e 
natives were infected with the paraste Only the female bits nan It is a deter 
nined n ght bit r batdatlinessiSDQtetmyseuentisI font to bite Sharp believes that 
Cufico in a/usmi will also prove to be s oatnral earner of this parasite Some species 
of Culumdit have been reported to sometimes bite at dusV 

Diagnosis — Diagnosis depends upon finding tbe unsheathed micro 
fiJaria m the peripheral blood The parasite must especiall> be dtffcrenli 
ated from D arii In D Persians, the larvae are usually small and 
the nuclei extend to the lip of the tail while in o. ardi the nuclei do not 
ertend into the tip of the caudal extremity 

Rodham and Dubois have appbed ibeiotradermal reaction is 3 cases of Difetalonema 
^;rr£2))r infection The injection of the D/ea/ff<f i<siMmi/<rartigeDof Fairley nasmade 
into tbe slum of tbe antermr suiEure of the forearm The 3 patients infected with 
Dip I lantma perslant n ere said to react in a typical manner with the appearance of a 
dermal papule a to 3 ezn in diameter folloired br a subcutaneous swelling In i of 
the cases the swell ng persisted for more than 24 hours and involved the whole of tbe 
Co ewm They eonckde that the mttsdermal reaction is appbcable to infection with 
this parasite and that the reaction is a group one which is applicable at present 1 
infection with al) members of the family of (be Fitaxtipas 

Treatment —The treatment for any pathologic conditions produced by 
f7tp<f<:faReiH4 Persians u discussed under the treatment of diariasis due to 
ttuehtrena (an rpfli and under Lotasss 

P epkySjxis—So eSeett e control measDres have been discovered Tbe unfed 
tdiU Cufieeti t rapidly pais (htougb iS mesh screening and mosquito netting beaee 
only mosquito nets with estremely fine mesh are protective at nisbt The midges 
often bite in swarms usually et dusk More commonly they bite only ut darkness 
and pr tection enay often be obtained by having a light near while sleeping beneath 
the net Tb y are often found breeling in deep lakes and some species in salt water 

hInNSONELLA OrEAKDl 

Dipetalonema oszardi (^fanson 1S97 Faust igrp; Synonyms— F Ja 13 ez.ard 
hfassoB r^r Filerta 4 <me fawyr hfaasoa rdgf {ne Ztiae tift'i F n jaiKee 
Railliet tgrS F forru turv/naifj Bigben and Araoe 1917 ifansoitUa e sa di Faust 

gtg 

V 0 sri/iis known tooccuronlyin thewcslern hemisphere inpartsof 
Central and South America and the West Indies 

Faust ( grp] has created a new genus J/aiug ef/e for this parasite and classifies tbe 
genus as a member of tbe subfamily SeraaiiVAE n tb the chara te s f th s subfamily 
but distinguished by tbe presesc ^ paired fleshy Caps Ute al to tbe caudal extremity 
of the alult female wo m and bv imsbeatbed nurrofitanae w th pointed tails licLiog a 
nuclear 0 e for the terminal iv lo toM 

The nucTofilarue oi this parrs le were Cnt studied by Manson in blood obta ned by 
Oaaard f om Canb I d ans from tbe interior of Bnt sh Guiana The nueroMana was 
St first believed to be d ffereot from Shat obtained by biewsaro from the nativ s of 
St Vincent Hr tisb West Indies whch saa designated by Mansao (ifigr) as J/ic e 
pJar a dtmarquay However the studi s of Penel and of Leiper showed that the two 
were ideoti al Faust pointed out that since the name dema gvuyt wav used by Zuae 
(189 ) for noth r human microfilaria (pots Ny JF/ b cr fl) it is not available for 
Minson s species which b comes Uamen tU uard 



TttAttKSlS 


*340 


The common jmcrofJaTuv of nortbem ArnenUne via» first dtsenbed by Bijlitnsal 
Arao* Both tbiew «ulbon and r^dsUa (ipii)ci>nsidrfrd;tanew*pfC}H 
lucuMOna Later Ro&enbusch and Muhlerj (193}) pointed out its lestablance to 
if rfrwijrjsajt and ruiletwoi has made a careful study of the mateiul fwo 
Argentina found no {norphctlogicdiScrencesfietweeni \tf tucvmanatniUJ d marjsj^ 
Geographical Ststr)buti<HL-~The dii^tnbutam «{ this species in the sesetni beso 
sphere includes British Gutaea Colombia {BaUour ip>i) sad jn the Bntish 'ftesi 
Indies St Vincent St Lucia (Galgey jSpp) and Dominica (Low 1902) DatchGuisoJ 
{Bonne x^io} norlbetn Ar^oiiM (Vrioiagd Biglieri tst-t fhbfTs (SlaWetis 
and 193* Vogt] 1917) Vucatan (tfoSman sgjoJ r«erto Rico (Hoffman 1930) 
Panatna (Clatli t^jo McCoy t933) northeni South Aiwiea Vtssemla (Row-U 
*93S) The species has been found to be exceedingly common id ccrUia tegiBSS 
South America In the rrosinte of Tucuman (Vegentina) so6perc«it efiht mkaln 
Unis nere found infected «ad »n the Prosmee of 39 i percent (JfuWens 193) 
Padilla found the TaU of inleclioft m sor-e instances to vary betneca id and rj pet cent 
VfeCoy (1933] found that the bfoodof « 5I>etcoit of 119 Indians exaBuae<i^ I>2n« 
Province ranama contained this parasite Tbeinfeclioarate innative viUafesm the 
same region varied from a to 57 percent and averaged 9 9 per cent m the *44 »»hv« 
e'laKuned Although this speews *as reported by Mseson and by Seligteana ss occbi 
nng in New Guinea it seems now possible that the species niay be instead 
mala} which has been espeeuHy encountered m the Cehbes . 

The Paresite— The adult females of ifanjan/ha 9 hive been stuaied 

Galge>- Datiitls LowandOtutd T5eaduUshav«»ppafenttynot>ftbeeftt«ow'w 

from any of the cases in ootthern Argentine - 

The adull male is hno» n only from * single posterior fragment of 3? mm ““ 

IS strongly itcarved and becomes gradually narrowed up to o *? «ffl ft«o I** 
where it abrup }y rounds oS into a lightly bulbous termination 

The female worm Kata length of 6 s to 8 t on aodx maitmum breadth wo «« 
o as am The cuticuLs is smooth tbe head is smarmed The small mouth l<*« 
diretlly mto the oeiophsgi.1 The anal opening is on the wmiait of a small japi “ 
o 83 mm from (be postenot extremity On either side of the caudal extresuvy ts 
IS one pair of lappets with a fleshy core The \ulv» is situated o 71 to o }6 mm « 
the anlefror end 0/ the feesaie norm The small oval tggi measure at X e-*'* , 

micfofilanae are unsheathed end ere very active m fresh blood films They we mu 
smaller than if iancraflt and are ebatacterutd by a sharp pointed Utl free 01 
at the lip Usu*lly they measure about soo by The locatnm of toe var 
jjoints of idcnttficalion m ttlation to ibe total body length of the arva is S’**® ' 
Vogel as follows ^ 

Per Cent 


Beginning of the first bead soc’o 

^etve nng 

Earcrelory pore 

Excretory «U 

Gi cell 

G,«eU 

Anal pore 

End of the last tail nuclei 


» 5 
3E 9 
3‘ 5 
3S 0 
69 3 
79 » 

79 * 

5,5 o 


McCp)' found that the microfilariae ubsetved by him in Panama >0 1935 
spcrtided 3D genera! to these morpboJcitsie details given by Vogel if eiardiissaw 
observe no pwtodialy ... 

XrtBSSBissioa — -LowfoundsoinedevelopmeotsUgcsoJAf a ** .if^ 

Davis (jojS) fed ti? mosquitoes 00 a cam« of V os a ifi in Argentisa Of t 
A were found infected (* Anapk Ujia staseesifefiii i AncfM<s ethtants and 
oecyfft) 1“ thorac mnsdes were involved The head and prot^ 

were not invaded lie thought that Aaepk 1 1 tarttmaculalus and 

might be the responsible tr»taaatt«» Owing to the fact tbat tne 
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prevails in wooded areas near streams parttcubtly in the foothill country he suggests 
that a further study should be made of otbei insects especially of Sim hum 

Bucklej (1934) working in St Vincent British West Indies has 
conclusivelj demonstrated the development o{ T 0 ardi in the sand fly 
Culicotde! fureitf Poe> Two hundred sand flies collected m the vicinity 
were given an infective feed of blood of F 0 ardi carriers 

Of these flies 17 5 pec cent w ere substqueotly found to be infected with developing 
stages of the parasite "rhe ingested mi lolfaTiae migrated witbws twenty four hours 
to the thorax where the entire morphologic development takes place In flies which 
were kept alive for 7 or 8 days advanced stages were found in the thorax and head 
and their emergence from the probo e s was induced by light pressure on the bead 
Five per cent of Culieeidii fu em caught in the viciiuty were found to be naturally 
niected with developing larvae 

Pathology —Daniels (1899) found the adult pirasites at the autopsy 
of * Demcrara Indians They were situated m the mesentery and the 
visceral fat Later Galgey found 5 adult females in the omental tissues 
ot a native 0! St Lucia As is generally the case with other species 0! 
Setaninae lound in animals the adult parasites give rist to no pathologic 
lesions e«ept when they become creiified when slight inflammatory 
changes ma> occur about them The worms generally are regarded as 
non pathogemc 

Muhlens (194*) states ihst whiU in g< «r»l individuals inflicted with these m no 
filariee in Argentine were generally without tnanife t cl oKal syioptoni nevertheless 
most of them ahowed tome aeaemia and a yellowish or slightly blue oedemalous eou 
pleaion Peter regarded th > condition «s characteristic of the infect on It was 
however difficult for Muhlens (0 interpret these signs m v e of the fact that the 
indiv duals usually suffer with malaria or ankylostoDuas s ore en nephritis Muhlens 
also states that the infective cases occurred almost exclusively am ng the poorer clasps 
who bve m miserable sharks in wooded areas ot the country 

hIcCoy m Panama states that none ot the ind viduals infected showed any obv ous 
symptoms which could be ascnbed to tbe filarial infection 

Lousis 

Definibotu— Loia is is A form of flianasis caused by Loa loa tbe para 
site frequently produces no synploms of disease but in ofher instances 
gives rise to inflammatory processes and to fugitive swclhnps of the skin 
probably of allergic origin (calabar swcUings) It is transmitted by 
Crysops dinndtala and C siiacfa 

Geographical Distnbution —Lou foo (Fifaria foa filaria ocuh Ftlarta 
dtu'na) IS widely distributed m west and central Afri^ and particularly 
along the Congo River and its tnbutan s 

ft IS found on tbe west coast from hima Leone to Benguella confined mostly to the 
coastal plains and the delta teg ons It is espeoally c mm n la the Cameioons Cal 
bar and along the Ogowe Ri ei where s very h gh rate of infection has been found 
Rrumpt (iQ 4) f and s Per cent ot the inhabUnts along the Welle Rivet irfected 
Low retn tied th t it a no esaggeiation to say that if turopeans reside for mote than 
S years in the reg ns of Niangita tod N Uu the ilaut Welle Provinee and Ibambi in 
tbe Ilurbi Province m central Afnea they a e certa a to become i fccted W oodman 
and Bokhan (loti) report 15 f thcpopnlaton of the Anglo Fgyplian Sudan infected 



Ttt COB! non cucroGUm of noAhm Cnl 

Arsoi BoLb th«f authors and laiidU l.9«s) «M‘dw3 
Utcr Ko«nLusch and Muhl«s {.«») 

U rfmsr5«o>! and luUcbom *ho *>« •«* a care «1 ^ 

ArstBuna found no mon^hnlopc 

GoografJiiMl Distntiwtjon.— Tie dwtnbutwn «t ttu* Ts 

cpb«efrciud« D«l«h Cuiana ColomW (Balf^r 
Icdi«Si %«BC«t St Lum(Calgey /899> 

(Burnt 19*0) corthtm Ars«.l».« and r.jl^ .^4 

lanams (CUrk J 930 MeCt.> igijJ noftb«t^lh 

, 935 ) Tit »P«i« has UtR found to U eif^nsr JfcS^SL- 

South KmtriA In tbePro'inceofTuCuman (ArRCntuu) ' 

unuucre found wferted and »« U** I «'«»««» » 

PadUU found the rate of .nfect!on w *o«e 

\5cCoy (i« 33 ) found that the hlaadof 44 5 «!)«=-■* 

fioMnte I anana contained thijparasjie 7^® joura 
camereponwredfrotn rtojjpercent 

etammcd Although Xh» »t>*o« r^^^ ^ ■£.< 

nng in St-w Guinea it *<«nj now possible that the toecrt car 
msf«M uhich has been «peeully cncoaniered lu the C«l^ 

The Pamite— The adult fetnaf« of if9ni^eU beta fw^ 

Oalgey Dwitls UwatidOmrd Thea4ulUha>eaf1>»«o‘I/«^»'‘**“ 

frtm any of the casenn nottbern Affienboe »«^~fafiS»a 

The adult male a kno* n oely from a ufiflc postciwr Jn^«| « i jj t 

(s strongly recurved and becoaes gtadoally Mnowrd op to 1 
nbere ti abruptly rounds eS wito a slightly ! 

The tettsle worm has a length of H to tt pa ‘od a oax^'®^ hi) 
oiS mot The cuticub i» smooth the head tt ,„„3jje{i*s»3 

diitctly lato the oeyphagus The anal 
0 IS mo from the postenor etlremsly 
IS one pavC of lappets with a fleshy c 


■oed. 

«U,er Slot of ^ 

t vTiUa u iitMtedOfito® ^ ^ 


„ Tht vTiUa u Xl4». 

the anlenor end of the female worm The small opfeW^ Theyate^ 

microtilanae are ooshesthed and ate secy active in fresh hw™ , Uil 
smaller than If bancrt'tt and arc charactemcd by a *“IE^j^jjpa c( 
at the tip bsually they measure about sooty S*" Th « .t,, ijna » 
points of identification sn telation to the total body length o 
I ogel as follou s 

5 

Begiocing of the flril head nuclei ti 9 

^eJvenng 315 

Eecretoryport 35 0 

E*CTett>ry cell tqi 

Cl cell 9 1 

0< 94 

Attal pore 9! » 

End of the last tail sutlo 93;^ 

McCoy found that the nuctofilanae observed by him t“ 7'*^lf*»s5rc'***"^* 
apcpiided IB general to these norpholoipc details given by ' ®5® 
observe no periodicity . u 

Traostmaiioo. — Low found waic development stages ^ 

Davas (rgrS) fed tv7 mosquitoes on a earner of M 
4 were found infected {2 Anefhdtf la t macvferi 
at[ypt!) Id each case the tborac tmudes w 
Here cot invaded He Ihoajhl that ^ao^Aefej 
clhittftu might be the respoosiUr nsmiU 
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prevails w wcoded areas near strfaws paitml riy in ihe JootiuU country he suggests 
that a tutthet study should be made ol other insect esj easily 0! Simulium 

Buckley (1934I working la St Vincent Cntish \\est Indies has 
conclusively demonstrated the devdopment of f 0 ardi in the sand fls 
CitIwoid«/nrenj Poey Two hundred sand flies collected m the victtutv 
were guen an infective feed of blood of F 0 ardi carriers 

Of these dies jj 5 per cent were wbsequtntjy (oand to be infected with developing 
stages of the para ite The ingested loicTofilariae m grated wstlun tweoly four hours 
to the thorax where the entire morph logic development taVes place lu files which 
were kept alive for 7 or 8 days advanced stages were found la the tboras and head 
and their emergence from the proboscis was induced by Ighl pressure on the head 
five per cent of Cuf eoxf i Jurtft caught in the v ciiuty w ere found to be naturally 
nfected with devehping larvae 

Pathology — Daniels (1899) found the adult parasites at the autopsy 
of 2 Demerara Indians "niey were situated in the mesentery and the 
VI ceral fat Later Galgey found j adult females m the omental tissues 
of a native of St Lucia a generally the case with other species of 
Setaninae found in animals the aduU parasites giv e me to no pathologic 
lesions except when they become cretified when ahgbt inilaminatory 
changes may occur about them The worms generally are regarded as 
non pathogenic 

MuhUns (iqji) sUt«s that wl lU in general individuals mfiicted with these micro 
filanae la Argentine were generaUy without nanifest cha cat symptoms nevertheless 
most of them showed lom anaemia anl a yellowi h or aligbtlv blue etdemalous com 
pleaioti rerca regarded this conditHin as characletulic ol the isf ction It was 
however djIBcuIt for hluhle a to interpret these siga* in new of the feet ihat the 
individuaUusuatlyiufier with malacia or ankylostomiasis or even nephntis Muhlens 
also slates (hat the inf ctive cases occurred almost esctusively amoi g the poorer classes 
who live in m serable shacks in wooded areas of th country 

hfeCoy la Panama states that none of the individuals Infecied showed any obvious 
symptoms which could 1 e sKribed to tl e filana) infrrtioo 

Loiasis 

DeflmtiQa — ^Loixsia is a funn ol filariasi caused by Lea lea the para 
site frequentlv produces no symptoms of di ea e but in other instances 
gives rise to inflammatory processes and to fugitive swellings of the km 
probably of allergic origin (calabar swellings) It is transmitted by 
Cryso^s dimidiala and C siiacea 

Geographical DistnbutiOQ — I ea loa (Psiarta ioa Ftlono oc«f» Filarja 
liiurna) IS widely distributed »n west and central Africa and particularly 
along the Congo River and its inbutanes 

It w found on the west coast from Nierrw Leone to BengutUi confined mosliv to the 
coastal pU ns and the delta regions U is especiaSv common in the Camrroo t Cola 
b t and along the Ofowe Riser where a very h gl rate of infection has been found 
Rrumpt I19 al lound 15 per cent ol the inhabiuiits aloBg the Melle Ri er infected 
Low tematk d tt at i is no exaggeration to say th I il F topeani t s de for mote than 
gyearitn the regionsof Niangara aod \ lam the Kant llcUe Irovince and Ibamb in 
Ibe Ilutbi Provinct to central Africa they ate certain to become infected Woodman 
and 8 kbanfioxOrepartisv^ofthepopiIatioaof^ Angf Egypt! n Sudan infected 
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History — Loa laa was early known as the ejc worm of Africa ils 
occurrence was perhaps observed and first pictonallj represented bv 
Pigafetta dunng ins travels along the Congo River lu 1598 The earliwt 
record of the removal of the parasite was that of Mongin (1770) ^ 0 
extracted it from between the conjunctiva and albuginea of a ^egtess at 
Santo Domingo Haiti 

Shortly alterwards a number of other «*«* were reported from rrtncl. Cuani 
Santo Dommsa and Bratil all however 

fiMt report ol the parasite m Africa was by Gnyot (17 B) m la 

was found to be common and the parasite described under the native terra 

the Uruted Stales Cases have been reported iressUnt* 
to time Ward »bo collected from the 

cases of infection «Uo studied cases occurnng m 

country up to rood and wrote an excenent . 

upon »he subject and Smith and Rni» (*9 <) 
Kiraberlm (.9*3) huJtoa 

nomls out that the parasite has not 
^tracled from the eye m the 
cs.. .kith ta.; b«« wlrf l'«“ 
ace BOW generally btbeved to have tefltracted l* 
mfeciron m the endemic areas 10 Alrwa 

Etiology—Apparently all f 
ceptible Adults ate more commonlj fouw 
miectnl than children Males and ftww 
appear to be almost equally infected 
Besenjt.0» ol P.t.sill -p« !•« 

^ « cUssibed m the subfamily of Loainae (Vort 

Tic 30J — X. too in the ‘“b Mtplestone 1916) and m the genus 
eutaoeou* tiHU a tacenomial m whichgenus thespitulesareunequaia 
• » {After Fullebom ) Lm laantht type species . m gnstesl 

The adult rule measures about 30 to 34 mm in ltn|tb and o 3 “ " * ^ bresdlh fl! 

tb,ckn«s Tl..l.oel.».l»atseto«emn. .eteeilh IS" 

o % mm Hence st is shorter but somewhat tbwier t^n l^*f*^* . _ whasmp!* 
body is cyhndricat filiform and tapermc and four *«»'’ 

and without lips The truncated head is thepre5M>««f 

submedian papilUe The cuticle is not stnatrd sad»t 

numerous rounded small bosses except at the Lcsonbaaus followed by 

the tail of the male The moutb opens d.rertly uilo^e « «*Kfbent sp.«ay 

a long fiUform wtesiioe ending in a ^rt rectum The ‘ oedTOCulatcd 
Caudal alae ate sometimes visible Here are five pain '’/J*^** P, -rbe ^.rulM 
with about three purs of small sessile papiUae tovvardi the caudal up ^5,^ 

are unequal nieasurms »3 to iTfij. and Jo s. 3 k JT ^^hTtulva «si« 

posterior extremity is rounded with a pair of ^ Tht uterus cofttsun 

ated behind the oesophagus somexymm f*^v. covenng membrane 

ail stages of the developing embryos wbidi are enclosed 1 j .i^n the paf**‘“* 
Sdwhicb asrothecaseof3W//onaM-cro^ 

arebotti The microfilariae are found geiwMlly in the blood du g J 
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of diC<rentiation have been described in tuned preparations ot both hvmi; a d fixed 
pafis tes especially by Sharp and by FiiUebom la stained preparations the larvae 
tan usually be dislinguishtd by tbe {atttbalui Lm tea they sbnvi angular curves and 
an a<Tite bend at the tail Another p int suggested tor different tion is the character 
of the colutnn ot nuclei which m tficrejUorta (m teaches to the tip of the tad a d is 
separated from the cuticle by a definite spate The nuclei are usually to rser and end 
squarely at the head instead of in a curve In Laa also the V shaped s[ot appears 
in stained specimens as a hollow vistus niUi • chromatin staining boly on its outer 
side The nuclei of its culicular cells can easily be distinguished nhen stained with 
dilute Giemsa solution whereas in Mutafdaua fionc eft they are never seen discretely 
Itf ha however ne er exhibits the red granular mass ( Ipperltdrper ) of T llebo n 
seen as a senes of d screte nuclei on a blu background m M/ banc oft It has been 
pointed out that the developing larvae may dos ly resemble those of IV bancrofli In 
intra vitam sta ning with methyleue blue ( --$000) Lia ha begins to take up the tarn 
m o minutes while in the case of Jfie oftar a bancrafu absorption s much slower 
and the stain shows an afl nity for the excretory pore 

Transmission —Maason (1895) called attention to the mango fly 
Chrysops dmidiata <is a possible intermediary on account of its diurnal 
and blood sucking habits and local distribution Leiper in in 

Nigeria first earned out etperiments with C rfirntdwffl and C sila ea and 
observed de\ elopmental changes of the parasite m ih se flie and involv e 
ment of the silivaiy glands Kl me (1915) m the Cameroons examined 
SCO Crysops dimuiiaia and too C stlacea and found that 33 per cent) 
were infected and that in o (t 5 p«t cent) the larvae were fully matured 

The more complete life cycle of toa loa was elucidated b> Connal and 
Cotinal m Kigeria in 1911-32 

Tbty also found th«s« IL«s naturally infccud nub microfilariae Later tbev 
suet« ded in infecting wild (lies of these two specie* {Cry^oft i m ditla and C ifucea) 
with the m ctofilaruc ot Loa ha from man The develops) nt ot the microfilariae in 
the fly I* Similar in many cespccts to that of Vfirr Jil 19 to rrefli m the mo qu to 
After thede el pmenttn the thotacie mu ties and Cat body the larvae migrate io\ ards 
the head where the mature ones measuring about > mm mle gth by 35 m m breadth 
are found m largest numbers about the tenth day When they are ready to le >e the 
fly at the t me that it bites they make their way through th labium Most of the 
mature larvae leave the fly on about the tenth day The fly h \ever m y remain 
I fective lor an additional period of about s d ys Within a minute after the worms 
have emerged from the fly they have disatqiear^ under the skin as was demonstrated 
by e per tnents upon gu nea pigs Ho e er eltempta to establish infect on in mon 
keys rabbits and gui ea p gs did not result successlutly After penetrating the skin 
the mictofil nae apparently pass to the subcutaneous tusuea Nothing furtbe is 
known of the development ot the paras tc 10 mao 

In connection with the fact that the microfilariae of Loa loa are 
found in the peripheral circulation of man usually only during the da\ 
It may be 0! interest to recaU that Chrysops 15 a strictly diurnal biter 
htoin sunrise until 10 or ii am and from 4 pm until dark are thr* 
periods when the flv is most numeions and active It seldom bites in 
bright sunlight preferring the shade of the trees and the shelter of the 
\ eranda OnU the female bites and transmits the disease in man 

The development of the pafastte m human beings is apparently usually 
\er> slow In a numb r of cases the presence of the parasite was not 
discovered until 3 or 4 years after the individual had left the endemic area 
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Hauer (193J) reports one instance in nlitch the first skm sytnplotus sug 
gestive of Loa infection occurred 3 jears after he first reached and iH 
months after he finally left an endemic area The shortest period oa 
record is apparentlj one reported b> Elliot who noticed the presence 
of the parasite in and about the e>es within a jear of the arrival of ta» 
individual in an endemic center of infection 


to * caves a parasite was extracted from tbeeyft 9»i>d 13 years 
the patients had left \frica In another ca« ibe worm* appeared at wtetv^ flur^S 

15 years In an instance reported by Knahc where infection aas acqu 

Cameroans and m which /t yerrt«r wa* etso present mfeetioB peesvsted in 
from tgrs to iqic Laveran soRRcsleil that tte We span of Lea ws >«' 
Manson Hahr repoH* » «« »« *'«»* ‘”r Ln 

micwCJnrue had disappeared ffter * dan 
lion oil? years , 

Another tael juegestire of 
growth of the parasite rs that eh* 
unmatuie active worms are «w*‘'®7, 
beneath the *l wv m children the 
are rarely found eacept in eduUs e"®]" 
ease not for 7 years from the supposed tine 
of the ongmal inlectwn sumob 

Wilh reference to this point M*^ 
lUbrhas reported a caK w a 
in which calabar swelUoe* »«* “w 

ID ipid in Afnca He returned W 
in 1917 An adult filana app««d in «' 

leftevem 1919 TheWoedwastepe*te“y 

evammed foi micrtfilanae duiwg the w 

sequent years T! “v, firtt 

micro&keiae were found fot he firt 
time Therefore in this case an wt"'* 
of 6>f years elapsed before the 
of the larvae in the peripheral Wood ’Vlanson Pahr however does the 

such a fong period elapsed before the adutt worms “ ^ stream 

embryos bad for some reason been prevented from entering the Wood stream 

Pathology —The habits of Loa loa arc quite different 
« uchirena bcncrofli Not only do the Mim^na iaa occur ‘J* 
in the da) ttroe rather than at night but the adults ‘n***^^ ° 
in one locality and blocking the lymphatics usuall) ciKuh 

connective tissueand appear beneath the skinmvarious parts 

Wso Loa ha 15 more espectaUy a pa^ite of par 

than of the lymphatic glands The adult worms as 

ticularl) ta the connective tissue in many different parts 

forcvample the subcutaneous tissue often under the muscular a^ 

of the extensor surface of the aims legs fingers and trunh 
surface of the organs m the mesentery under the par^al ^ 

wd encvsled m the heart mosde and m the antenot chanbet o 
1 ° . „„d.r the oenlar and palpebral «n,una,va over the hr.d^ »Hbe 
nose and "> H"' I''”” “* ‘^e “»«»' Brampt fomd in one necropsi 
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the tissue of the heart 5 adult parasites 4of which were dead and cretified 
and one of which was living 

Klotz has described the pathologic changes which ma> result from the 
presence of Mrcrofilana ha as observed in the spleen of two African 
natives Mtcrofilana loa was found in the blood of one before death 
On section the spleens were studied with pinpoint yellowish nodules 
Histologically there was a diffuse fibrosis becoming denser in some areas 
The malpighian bodies were small and many had apparently disappeared 
the lymphocytes being sparce and largely replaced by endothelial cells 
with fibrosis along the sinus walls In other areas the whole splenic 
architecture was obliterated by nodular masses of fibrosis in which 
eosinophils were the predominant wandenng cells Remnants of the 
sinuses could still be traced through these fibrosed areas and within these 
blood channels many well stained Mtcrojilarta loa were encountered 
About groups of these microfilariae an inflammatory reaction and fibrosis 
were present Klotz suggests that these reactions m the spleen may be 
analogous to the pathologic condition which occurs m chrome calabar 
swellings He emphasized (in connection with his study of other cases 
infected with Loa ha) that it 1$ evident that the temporary resting of the 
microfilariae within the visceral capillaries is unaccompanied by tissue 
reaction while a more permanent abode of them as seen in the spleen 1$ 
associated with inflammation and fibrosis 

The production of inflammatory processes the oedema the cyst like 
swellings and the transient tumors which result during the course of 
infection are discussed under the clinical features (see below) 

Cluucal Features and Symptoms — During life the filana may some 
times be noticed beneath the sLm of the fingers or in difierent parts of 
the trunk Sometimes it seeks soft loose skin as of the breast the lingual 
frenum the region of the epiglottis the skm of the penis the eyelids 
and conjunctivae and the anterior chamber of the eye Cbesterman in 
\akusu Africa reports finding bve adult worms m 10 per cent of the 
cases he operated on for hernia elephantiasiii etc Parasites were par 
ticularly found m the inguinal scrotal regions In one case he found 
40 living worms around the cord From the frequency that the worm 
has been observed m the region of the eye it would appear that the 
parasite has a special predilection for that region However Brumpt 
points out that he did not see the worm once in the eye m the hundreds of 
Loa ha cases examined by bim Worms are also verv common in the 
region of the nose 

The adult parasites seem to be sensitive to different temperatures 
and are often attracted to tbe surface of the body by the warmth of a 
fire or by fomentations appbed to the skin and on exposure to cold 
the worm may pass into the depth of the eveball I\Tien the parasite 
appears under the conjunctivae it may cause a considerable amount of 
irritation and congestion also great pain and swelling m the lids giving 
rise to redness and at times lacnmation Also pam and swelling in the 
cheek may accompany the movements of the parasite near the eye Tbe 
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combinatjon of itching pain and irritation caused bj the ffloveaieatJ 
of the parasite under the conjuncti\a is described as simply maddening 
by Elliot m his book on Tropical Opthalmologj However, almost 
instant relief is obtained when the parasite moves into the deeper tissues 
In an instance reported by him with the parasite in the region of th^ ear 
the patient suffered on a number of occasions from an intense neuralgia 
behind below and in front of the ear This was accompanied by great 
hyperestliesia of the superjacent skin Great pain is also somtimn 
experienced by the presence of the worm m the region of the postenor 
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The swellmg may be pamful or painless The skin over it often itches 
At times the swelling has been noted to move its position to the extent of 
several inche an hour The transient tumors do not suppurate Usually 
an eosinophilia is present sometimes as high as 50 to 70 per cent Micro 
filariae arc often absent from the blood but they may be observed in serum 
Viithdrawn from the area of the spelling WTien the swellings repeatedly 
recur on the armor leg they inaygi\etise to permanent c> st like swellings 
tchronic calabar swellings) which have been described by Low and 
hlanson Bahr Manson Bahr notes that in such instances there is 
induration of the fascia and of the connective tissue in the vicinity of the 
tendon sheaths which may cause pam on muscular movement Appar 
ently these swellings are attached to the tendon sheaths and muscular 
aponeuroses 

Id a Congo native the Harvard African Fxpedition ( 950) found a small cystic 
tumor measuring about $ cm m diameter on the right arm about G cm above the 
elbow The tumor contained straw colored flu d and an adult Lia lea SeeUons of 
the tumor showed a d Utalion of a gland ULe cavity of which the fibers of the surround 
ing tissue bad been pressed ai an by (he movementi 1 the parasite and the slowly 
accumulating fluid 

There has been much speculation as to how the transitory calabar 
swellings are produced Ii has been suggested that they may be due 
to the wanderings of the parasite or to the birth and discharge of a large 
number of tmcrofilariae from the adult female as puncture of the swellings 
has sometimes shown numerous microfilariae in the oedematous fluid 
It was also suggested by Ward that they may onginate from some toxic 
eccretion of the parasite Low Caro and 0 Connor also emphasized the 
idea of an association between these swellings and tonn production 
FulUborn suggested that ihev represented evidence of a host reaction to 
Loa antigen an anaphylactic phenomenon 

Chandler and his colleagues (1930) have produced a typical calabar 
swelling in a patient infected with / no lea by the injection of ^Dirofilana 
antigen 

Within 30 011 utes niter Ui 1 jcclion there developed n citcucnscnbed red itchy 
oedematous swelUng about ball the site of a hen a egg hich xvas ol preasely the same 
nature as the calabar swelling 1 hich (he p tie t bid pre ously eapenenced Ity the 
end of an h ur il covered an o I a ea about j X t> cm vu d ameter From 3 to 
34 b urs lat r the swelling and inflamm Uon continued to spread so that approxi 
maiely two thirds of the under s dc of the am w s i volved They conclu led that 
in this ca e the injection f the Dir filar antigen had set up a specific alter- c rcacti n 
m the skin which had been s nsitized by the presence ol a X-eu inlecUon 

Fulleborn and Son ensch a wb bad pre lously failed m producing calabar swell 
mgs by the injecuor of a Le3 antigen fn llysuccredel m producing two Calabar swell 
tns^ 10 a pall ni infected by f 0 by tbc intracutaneous inject on into the attn o( 
a Di ^1 pia mm 1 extract 

Fairley after a study of skm tests m lonsis was convinced that the 
cahbar swellings es cntialU mse from a local anaphvlactoid reaction 
involving the cells of the subcutaneous tissues not primarily of the 
dermis He suggests that the reaction is analogous m many respects 
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to the dela> ed reactions so frequently met with on injecting saline eitracts 
of helminths into the tissues 

Oeeasional Symptoms —In addition to the itchiog and prickling sensations and 1 
feeling of tension which the worm sometimes causes when it appears in the subcutaneous 
tissues the course of the parasite may be marked by an oedematous track in other 
instances by diffuse oedema of the back of the hands and of the forearms (Meuikof) 
Redness of the skin has very rarely been noted Fairley states that a generalized 
urticaria sometimes occurs Stitt reports a case isi a physician in which the first 
symptoms were transient painless sweUings about the joints associated with stiSuess 
Various diagnoses such as rheumatism erythema nodosum and angioneurotic oedema 
were hist made in this case InOammaloiy sneibngs nodules both in muscular and 
connective tissue (Ziemann) and muUpIe intramuscular abscesses due to staphjlacocci 
or streptococci and even purulent infectioD of the hip joint (Macson Bahr) maybe 
sometimes found m association with Loa ha Chesterman in one instance found a 
definite lymphatic stone in the scrotum of a case of elephantiasis which showed calcined 
Loa loa in the center \\ oodman and Bokhan (tQ4i) have reported the enlargemeDt 
of lymph nodes w ith chronic fibrosis that were believed to be cau ed by Loa ha in the 
Sudan They say it was common to find L loa moving about especially among the 
blood and lymphatic vessels of the cord and three times one was found in a lymphatic 
vain 

Diagnosis — Connal (1934) has studied 1x5 cases of calabar swelling 
m individuals resident in Nigeria 30 of whom were Europeans He 
states that the four signs of infection tviih Loa loa in the order of their 
frequency in the 30 Europeans were (i) calabar swellings (a) visits 
of the worm to the e>e (3) outline of the worm beneath the skin and 
(4) microfilariae m the peripheral blood Puncture of the swellings 
sometimes reveals large numbers of microfilariae in the oedematous fluid 
The eosinophilia is usually marked The microfilariae are diurnal and 
often most numerous in the peripheral blood about mid day Poio** 
of differential diagnosis bavealreadybeenconsideredonp 133J Eosino 
philia has been emphasized as a help m suggesting diagnosis Hauer 
(105 ) found it of assistance in his a rases in which the eosinophilia was 
between 75 and 78 per cent High eosinophilia however may also occur 
m infections with other FicarioidEa as m Dractinculus medintnas 

With reference to diagnosis by the cutaneous reaction and complem nt deflection 
test Fairley has found with DtfoiSoria tnimfiT antigen that both these te ts were 
strongly positive m 6 cases of Loa loa infestation He admits however that more 
infotmation must be acquired regardirg the specjticity of the reaction and it may y 
prove that a negative result 1 of more value la excluding filanasia than a positive resc 
tion is in indicating it While the complement fixation reaction with Dira^ana 
antigen he found is almost always strongly positive in Loa ha infestation it ns 
yielded di appomling results in a considerable number of sera collected m India fr^ 
patients showing microfilariae Only 5 out of 23 cases yielded positive results « 
concluded that Dirofilana extract therefore cannot be regarded as a satisfactory 
antigen for detecting circulatory antibody in filanasts ^ 

Rodhain and Dubois have also performed intradermal injections of 0 JS 0 1 an 
0 1 cc of Fairley o 5 per cent DsrojJ/uno antigen In 6 cases of ioa infection atypnj* 
positive immediate reaction followed Of 15 controls one gave a pseudoreaction CO 
wheal reaching 27 cm in diameter Low and Connal (rpje) both recommend the ski 
test of Fairley as an aid in diagnosis 

Treatment — In cases where the worms reach the surface as for 
example the conjunctiva they should if possible be removed through * 
small incision It is necessary however to seize the parasite securely 
with forceps before cutting down to it as otherwise the parasite may escap® 
and disappointment is apt to ensue 
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EUiot points oat that the pnncipal difficulty hi removing tte patisiU from the 
region of the rye ac tcs f omtheirregiibntyaithftlisch the«oris visits the shin tutiire 
aad the rapidity \» ith»hich it leaves U^henaUotied and dsturbed The patient may 
feel It in the neighhotbood of the eye and huny to the surgeon only to find that in the 
interval it has disappeared Again he may actually arrive « ith the parasite under the 
conjunctiva or m the ltd* and yet his haste may be fnuUess ou ing to the parasite moving 
<}Uich 1 y into the deep tissues as soon as the surgeon attempts an examinatioR Hence 
everything that is rectuired for CppetaSusn must be in readiness If the norm is seen a 
solui oQ of eocain combined xcith adrenalin sboald be carefully lostdled If the vorsii 
attempts (o escape it shoufif be seized tfirougb the osnjuRCCtvx «i(b ifaation forceps 
A sdli suture should then be passed ander tbeuorot and tied sufi'cicntly tight to prevent 
itt escape The removal of the parasittBeOected by making a an p w the conjunctiva 
0 ertheuorni and the norm gently silhdnun »tlh forceps Tbeconjunctivauound 
IS then dosed a suture being inserted it need be Should the pacasite disappear before 
It can be setaed it may often be brought to the sutface again by the aid of hot fomen 
taiioRs Tor the intense pain which the parasite soaetimcs causes m the region of the 
eye ClUot recommends the instillation of a solution of novocaine into the conjunctival 
sac which brings about a speedy relief of the suffering If the pacaiite u under the 
conjunctiva nevocaine solution should be used (or locat anaesthcs a 

The treatment of cahtar $welhng$ consists jn the apphcatton of 
coolinjf lotions to allay the amtation Chactfler Mtfhken Scbuhardt 
hat e found that the infection of a numms of atirenahn causes the itching 
to disappear within one half hour and the turgidity and heat of the 
calabar snellings to dectease markedly Manson Ilahr recommends for 
the urticam and pruritus which b sometimes troublesome a lo per cent 
alcoholic solution of hehobton (dihromotanmc ureal applied to the sktn 
at night In a few instances injections of tartar emetic hate been 
repotted of value in the treatment of the calabar swellings Others have 
recommended intravenous injections of anthiomahne in doses of 3 cc of a 
6 per cent solution every other day 

toa{fli{a!feads.-^d cetrspeciesof the g«flas«tiX2 e tf<r hu recently been 

found by Maplrstone fipjS) s nsferli! red female F ti at being removed by Rish 
worth tram s European resident m InJ a Mapleslone found th« parasite clearly unlike 
/ te»( fi It reaeaibled I e lea m l&aC i( has bosses on (he cutide and it cs a or j 
t mesas tong 13 to 14 cm in fetigth ubereasihe adult (emaleX^ is not over 5 nr 6 cm 
hforeover its posterior estnmity ss stra ght and the anus ti subtermmal There were 
no microfilariae in the bl od heosp hlaplestooe esiphas » il cansot be theadult of 
il veyf/o 3 1> alayi 

PreveBtion should consist m protection from the bites of CfiryseFs 
files in the endemic areas No really successful larviadal measures 
against the flj have been developed Films of kerosene or smuj refined 
fuel Oil placed on the surface of pools over which the flies skim are some 
times destructn e 

kzsr so FiuauL Lauvak 
I Present 10 penpherai blood 
A Sheath present 

t Acctumalpe od city (asnaifyj 

a Tail pointed st sight oo bui^i o tip Sheath moderately prolonged 
b yond tail Break, uv mB 5 jt nd \ spot 90^ from bead Graceful 
curves Lashing movements Sisv yee by 7 ju B lanerofi 
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to the delayed reactions so frequently met with on injecting saline extracts 
of helminths into the tissues 

Occasional Symptoms — In addition to the itching and prickling sensations and > 
feeling of tension which the worm sometimes causes when it appears in the subcutaneous 
tissues the course of the parasite may be marked by an oedematous track m other 
instances by diffuse oedema of the back of the hands and of the forearms (Wemkof) 
Redness of the skin has very rarely been noted Fairley states that a generilized 
urticaria sometimes occurs SUtl reports a case in a physician in which the first 
symptoms were transient painless swellings about the joints associated with stiffness 
Various diagnoses such as rheumatism erythema nodosum and angioneurotic oedena 
were first made in this case lollammatoty sweUings nodules both in muscular and 
connective tissue (Ziemann) and mutiple intramuscular abscesses due to stapbylococa 
or streptococci and even purulent infection of the hip joint (Manson Bahr) may be 
sometimes found in association with Loa ha Chesterman in one instance found a 
definite lymphatic stone in the scrotum of a case of elephantiasis which showed calcined 
Loa loa in the center Woodman and Bokhan (1941} have reported the enlargement 
of lymph nodes w ith chronic fibrosis that were believed to be caused by Loa lot in the 
Sudan They say it was common to find L ha moving about esjecially among the 
blood and lymphatic vessels of the cord and three times one was found in a Ijttnpbttic 

Diagnosis '—Connal (1934) has studied 115 cases of calabar swellrog 
in individuals resident m Nigeria 30 of whom were Europeans He 
states that the four signs of infection with Loa too m the order of tbeir 
frequenej in the 30 Europeans were (i) calabar swelbngs, (a) visits 
of the worm to the e>e (3) ouUme of the worm beneath the slm, and 
(4) microfilariae m the peripheral blood Puncture of the swellings 
sometimes reveals large numbers of microfilariae m the oedematous fluid 
The eosinophilia is usually marked The microfilariae are diurnal and 
often most numerous m the peripheral blood about irud day Points 
of differential diagnosis have alread> been considered on p 1333 
philia has been emphasized as a help m suggesting diagnosis Hauer 
(1933) found it of assistance m his z cases in which the eosinophilia was 
between 75 and 78 per cent Hi|,h eosinophilia however, may also occur 
m infections with other F tLAaioiDEA as in Dracuneulus medinensis 

With reference to diagnosis by the cutaneous reaction and complement deflection 
test Fairlev has found with DifoShna tmmitts antigen that both these tests 
strongly positive m 6 cases of Loa loa lofestation He admits however that moc 
iriformation must be acquired regarding the specifiaty of the reaction and it may y* 
prove that a negative result is of more value in excluding filanasis than a positive reac 
tion IS in indicating it V\ bile the complement fixation reaction with Diroflarta imw'i'j 
antigen he found is almost always strongly positive in Lot lea infestation it os 
yielded disappointing results in a considerable number of sera collected in India fro® 
patients showing microfilariae Only $ put of aj cases yielded positive results t 
concluded that Dirofilana extract therefore cannot be regarded as a satisfactory 
antigen for detecting circulatory antibody in filariasis . 

Rodham and Dubois have also performed mtradermal injections of o 5 o a a 
o I cc of Fairley soy per cent Dirofilana antigen In 6 cases of Loa infection a 
positive immediate reaction followed Of ig controls one gave a pseudoreaction W 

wheal reaching J 7 Cm in diameter Low and Connal (1934) both recommend the sa 

test of Fairley as an aid in diagnosis 

Treatment — In cases where the worms reach the surface as tor 
example the conjunctiva they should if possible be removed through ® 
small incision It is necessary however to seue the parasite securely 
with forceps before cutting down to it as otherwise the parasite may escape 
and disappointment is apt to ensue 
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these observitioris and reported upon the favorable results obtained by the removal of 

the tumors More recently the disease has been stjdied clinically eliologically and 
palholopcally in Central Arne cabyLatiimbe Hoffmann Ochofetena the inter and 
others 

Brumpt in iq 9 studied parasitic maleiul sent to him by Robles consisting of 0 e 
male parasite and fragments of ibe extteniities of tno females He reported that 
while the Guatemal n parasite « as morphiA gitnlVv almost identical w th the species of 
Oncboctrca vo! ulu found m subcutaneous nod lesmACnca it differed especially in th 
sire and distnbution of tl e pap 1I» In the male parasites and by ibe greater sire of the 
spicules Tor this reason and als because of the data known then regarding different 
geog aphical distnbution d fferences m the lorati n of the tumors in the patients m 
Alnca and in Guatemala as well as on account of diCecent patholog cal csanifestations 
observed m Afr ca and Guatemala he separated it as a ne v species calling it Onc> actrea 
caeoaitns or the bli ding filiria 

Subsequent work earned o it by rullcbom (tort sqrd) and by Sandground (19^1) 
in which a la ge number of parasites were studi d has shown that while there may be 
consvdetahle \atiat\ o in indiYidual speumena there ate no constant morphological 
different a bet veen the Afric ti and the Cuatemalan human parasit s and that hence 
froraaraorphologicalstandpioiEit itisd ubtfulit£)nchacerci>carcu( cksi ad slinctspecies 
Geographical DistnbubOQ — In the western hemisphere onchocerciasis 
has been found to on^inate only in rather sharply circumscribed areas in 
southern Mexico and Guatemala It has been suggested that the disease 
may spread to the United States by infected immigrants coming over the 
border from Mexico and that it mayr bter become endemic m this country 

Johnstone and Larsen (lejylhaveeallcd attention to this da gerand hav« empha 
iu«d Ih t pbys ciau in tb« umpmte tones and esp ccially in ihe United States 
ahouldb come acquainted wuhoncbocereiasis since a aprtiesef the fly that tranimiti t 
t^tniu/ian) is w despread in certa n locaUues thro glMut the western states and the 
disease has shown a defin te tendency toward northern oi g ation 

Reports ha e been made of the occurrence of two eat s of onchocercias s in Amencan 
tesidentsof the touchera Untied States However in neither ol these has the diagnosis 
been accurately venhod The writer alter » nicrostopical study of pathologiral 
material sent bun Irom one of these cases was unable to conhtn the d agno is In the 
otbercase reported nanegrofromAlabnna there was entire absence of any descript on 
of the parasite publisled However as tb marufeslati ns of the disease progress 
lowly ic tc y be encountered In the United States in indiviluals ho have formerly 
travel d or lived abroad ID the ini cud d slticts Gaucastans as well as Ind ns those 
ofmxedbl d and Negroes readily contract It ins cblocahties Damp! ( oeOpomts 
out that the new Trans Am ica 1 high ay passes very do e to or g es through the. 
Infected d stnets m Mexico which m y increase the ^re d of the <1 sease 

La los Fslivez and Matlmcz Baez (person I communic tio O44I rep t th t the 
d s as on the ncieaseint shC •Batemalaand Mexico General HoghS Cumm g 
D ecto f th Pan tmencan han t ry B eau has app 1 i 1 an Inter \merican 
Commissi n to ta y n further estigat ns garding the disease and its prove ti n 
n the e ton t les 

Cases have been dug osed m h-urope in the past few years by hiublens a d Nyl us 
in Hamburg ( 941') Joyeux SCdin and Csoiinar 1 (19461 in Fran e and. Marbaii and 
Appelm os in Belg m (1936) Also Adams {1937) Wi Livetp ol reported a c se of 
keratit sof both eyes in whi h there wasa high eosinophil a nd insect ons of the cornea 
Onchocerca roictofiUri e were d covered 

In the western hemisphere the cond tion as far as is known occ rs endemicallv 
only in the mountainous regions of Gu tem la tspecuUy in the Departments of 
Chltnaltenango Solola and the northern part of the Department of Escuintla on the 
southern or Pac fic slopes at altitudes b tween *9oo nd 4500 feet and also 10 similar 
and nearby reg ons in southern M co especially in the sutes of Chiapas Oaxaca and 
Guntero Dampf(ig4 Isaysthat t Ihe picsent t me the eare roooocasesm Chupas 
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6 Tail pQintfd straight an elongated nucleus in tip Sheath much pro- 
longed bc>otid the tail No nuclei at anterior end ‘'ire J50 by 5 to 60 

/ 

2 Diurnal periodicity 

a Tail pointed sharply fleied nuclei coarse extending to tip Sbuth 
moderately prolonged beyond tail Rreak in cells 40« and N-spol 60 to 
jOfi from head Irregular sharj* flexures Si*e 250 to 300 by 7 oit 

Let lot 

H Sheath absent No periodicity 

1 Tail sharp straight nuclei not reaching tip Sire 200M by 5;i U 0 arh 

2 Tail blunt straight nuchi rcacliing tip Drcak in cells and \ spot iou 
from head I-Ashmg progres ne moxecnents Sire 200;i by 4 ;ii (variable) 

A pnsitns 

Present in lymph spaces not in blood (No sheath no periolieity) 

1 Tail sharply pointed end gracefully curved nuchi do not reach tip V-spot 

6o»i from head Site 300^ by 8fi 0 tehuhit 

2 Tail blunt end curved like handl of cane containing a single row of round 

nuclei which reach the Up Sire 2oog by Sf> 1 


Onchocerciasis 

Deftnibon — The term onchocerciasis implies a parasitic infection 
tilth the nematode Oncketerea tohulus in which (he most charactenstic 
clinical manifestation is the occurrence of subcutaneous nodules or tumors 
In certain indiiiduals who apparentl> show special sensitiveness to the 
presence of the parasites or to (he action of their loams products of 
metabolism or disintegration secondarj disturbances of the skm and 
e\es mav occur 

In the e>es the lesions somelimcs result in disturbances of MSionsnd 
blindness, and hence in Central America tlie affection is frcquentl) 
referred to as the hUndingfilartol 4n<ase and the parasite which causes 
it as Onchocerca cacciiheits 

T he infection is transmitted by U Icist fi\ c species of flies of the genus 
Simulium, 5 i/«i(fiK»i damnosum avtdmn, (s>n Jiviidii"" 

iHefaf/iciiw) ochraceum 5 ii««/imih mooren (sjn 

c<jffi(f«»i) and Simulium ttea et which ire indigenous to the xariou 
countries m which the affection occurs 

Histoty— The \fncan condition was observed originally by a German 
missionary who found « orms in the tumors of t o negroes of the C old Coast Co!o®y 
Leuckart who examined this material studied and named the parasite in 1893 
vohulus (Ojic/iiicrrca tel til «) 1 rout (1901) observed two cases in S erra b*®”* 

Brumpt (1904) found 15 case# m native# m Central \frica along the Itelle 
Later the disease became widely known in tfnea and has been studied tspfOttLy Y 
Pulleborn in the Camcroons by Rodham and Ilissette in the Belgian Congo by Uy 
Sharp in Nigeria by BUcklock in Sierra 1 eone and by the w nier in Liberia and e 
Belgian Congo 

In 19x5 Robles first observed this condition m Guatemala Upon removm » 
tumor from the head of a child he reco'iused its parasitic nature In 1916 at a coni 
ence of physicians in Guatemala and in <919 before the Soeift 4 de 1 xthologie 

Pans he gave a detailed account of the condition and showed that it was caused ny 

species of rdaria He also emphasized that the nodules about the scalp often "ti 
associated with disturbances of the eyes and that these di appeared folloi 
ofthe tumors He also described in connectionwith the disease a definite and 
type of erysipelas trtsipeh de la cotta Subsequent]/ I una and Calderon eonwm 
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Since Sandground has found 00 eonstamt motphological d Serences between Ot cho 
ct CO toll tus and 0 caecultens the latter iijtng therefore should be regarded as a 
synonym though some suggest it may represent a biological race 

The microfilanae which are found present jn sections of the nodules 
and of the dermis or conjunctiva and other tissues of the ej e are activ e!y 
motile Great variations in size ma> occur Two types are apparent 
the smaller forms measure from 150 to 250/1 the larger forms from 485 to 
360/1 in length and from 6 to S/i m width They possess no sheath and 
are not found naturall> in the blood When as might rarely happen one 
has been seen in a preparation of the blood it probablj has escaped from 
a lymphatic vessel or space punctured in obtaining the specimen Gopsill 
{1939) in prolonged carefid exanunations of the blood in cases of the 
disease m Nj asaland ne\ er found the microfilaria in the blood How e\ er 
if a thin section of the epidermis of 
the face or neck or of the conjunctiva 
of an infected individual is made 1 
or 2 up to 4 to 8 motile microfilariae 
usually are found and occasionally 
as many as 50 are observed 

la sp«<iffi«es hardened in absolute 
alcohol and lUinedwithGiemsasaol Uon 
the two forms of mieiofilanae my be some 
times di tingu shed In the abo te but 

often slightly thicker forms there is a more 1 \ 

compact art ngemeot of the n cte end i| 

they take the blue stain mo e readily than ^ 

the larger forms Both have a thick nuclei 
freeanter rendandasiml free posterior 
e tremity In the small forms Bl cklock 
{96) found in the African parasite the 
cephalic clea area measured from about s 
to 3 m a d the caudal dear area from 10 to 
6m The fi St break in the column of 
nuclei w s situated at from j to 05 per Pio 3 S— (r) 0 t ns C ud 1 
cent of the length In the large forms the l mty f m 1 lat iv w (a) 0 
cephalic clear area measures from about 7 t ' ^ 1 “ 

to ii« and the caudal fi m 13 to 8 r m * 1 ■ M * 

-f-i ^ 1. 1 ^ . L. m a lu a d w ncs M ini a 

The 6 st break n the column of nude from tondtdbysl tl ffigu 
the c phalic e d was at from a to s per (Aft s dg und) 
cent of the length 

Ochote na ( 930) by vital staining of the microfilanae of the M ican paras te 
found that starting from the head the non nude ted portion occupi d 5 per cent f the 
total length the pre nerv us legio 74 2 the nervous ring 5 7 from the he d and 
occupied 6 per cent The eater or pore was 34 s per cent th cells of Rodenwalft 
63 per cent the anal pore 90 per c nt and th nudear column ended at 94 per cent 

The presence of the microfilana has also been reported in the lymphatic 
•espwfJhyiiremguinii ^anhs T&owever fne acniit parasites 'have 
not usuaUy been found in man outside of nodules or tumors Whether 
the microfilanae are generaUy found m the deeper tissues and tl viscera 
IS still questioned 
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It docs not occur at lower altitudes in Cuatemala and it 15 especially connected 
w ith the coffee production the best coffee being produced m these regions and at these 
altitudes It 1 m connection with the production of coffee that the inhabitants are 
especially brought into contact with the flies that Iran mit the di ease and these flies 
in Guatemala and Mexico do not breed below some sooo feet In Guatemala m the 
different coffee plantations from 40 to 60 per cent of the inhabitants were found infected 
Mira in Guatemala (1936) found in a survey of 176 villages or towns la which 
24 43* persons were examined that 30 per cent were infected In Mexico Hoffmaim 
reported that m La Granja approximately too per cent of the natives were infected and 
MUhlens and Hoffmann noted that in 1930-31 the infection rate rose rapidly in one 
district in Oaxaca from ro-so percent to 80-90 per cent Torre found 15 000 infected 
in the state of Chiapas and *n the state of Oaxaca 


In Africa the disease ts common along the west coast from Sierra 
Leone and Liberia on the north to the Cameroons and the Congo on the 
south In the Congo it extends eastwardly into Uganda and L.enja 
1939 Nyasaland 1939 and it has mote recently been reported in the 
southern Sudan and in L-avirondo (1940) 

The flies which transmit the disease m Africa breed in lower altitudes 
below 1000 feet and corresponding to this distribution of the fly we find 
the disease in Africa very common below 1500 feet— as in Liberia Sierra 
Leone and parts of the Belgian Congo The rate of infection vanes 
considerably m the different districts m Africa Thus Blacklock found 
m Sierra Leone that 43 per cent of ns natives examined were infected 
Brumpt, Rodham and Dubois state that from 30 to 60 per cent oi the 
natives in the different districts of the Congo are infected Hissette 
reported that the rate of infection in the Katanga in the village of Ilebo 
was 73 per cent and the writer and his colleagues found in Malele (Prov 
mce ofLusambo) that almost every inhabitant 0/ this village was infected 
Etiology —The adult Onchecerca parasites are found m the nodules 0: 
tumors, either m dilated spaces or embedded m the connective tissue 
of the nodules The male parasites on account of their comparatively 
short length often may be obtained unbroken and without great difficulty 
by dissection of the central portions of the tumors However the female 
parasites are so interlaced within tissue that they are very difficult to 
secure entire by dissection 


The adult parasites are white opalescxnt nematodes with conspicuous transverse 
annular thickenings of the cuticle and reenforced externally by spiral thickenings 
(bagues) This cutieular ornamentation is an essential character for the recognition of 
the genus Onchocerca The body of the adults are filiform and tapering at both end 
The head is rounded and truncated with a diameter of 0 04 mm The male measures 
from iS 8 to 32 mm mlength by o 13 too *i mm ingreatest breadth Theahmentary 
canal is straight and ends in a subtetminal anus TTie tail terminates in a single spiral 
and IS bulbous at the tip The number of papillae is somewhat variable Two pairs 0/ 
preanal and two pairs of postanal frequently are demonstrable Intermediate papillae 
also may be distinguished in some specimens The two spicules are unequal in sotae 
specimens measuring o 082 and i/W respectively and may be seen protruding from the 

The female is considerably longer measnrmg 33S to 300 mm in length o 27 to o 4 
mm m ereatest breadth The vulva » situated ©4 to 082 mm from the anterior 
extremity and the tail is curved Hie uterus usually is filled with ova or embryos 
The species is viviparous 
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Siact ‘siadgiowA tiw taund oa «>o«iat norp^lsgual difletcacM Iwt'xten Oiwlia- 
ct j rfiJru}iis ind O taecultiHt tbe Utter aaiae therelore should be reg rded ts a 
synonym though some suggest it ibay tepiesetit * biological race 

The microfiJanae which are fotiod present m sections of the nodules 
and of the dermis or conjunctiva and other tissues of the et e are actn elv 
motile Great variations in sue may occur Two types are apparent, 
the smaller forms measure from 150 to j 5<^ the larger forms from 285 to 
^6ofi in length and from 6 to 8>« in width They possess no sheath and 
are not found naturally in the blood When as might rarely happen one 
has been seen m a preparation of the blood it probably has escaped from 
a lymphatic v essel or space punctured m obtaining the specimen Gopsill 
(1939) in prolonged careful examinations of the blood in cases of the 
disease in Ny asaland ne\ er found the microfilaria m the blood How es er 
if a thin section of the epideimi of 
the face or nech or of the conjuncUsa 
of an infected individual IS made t 
or a up to 4 to 8 motile microfilariae 
usually are found and occasionally 
as many as 50 ate observed 

la speaneas hatdcntd 10 absoluu 
sleohe) and tUioed»iibO roius^lutioo 
tbetnofarmielaii: ohlans«tiiaybewtD« 

Uisei disliDguishtd la the (horter but 
oltea sbgbtly ibicker lorss tb«re isa more 
compact arraagemcai of ibe ouclei end 
they take the blue >tain more readily than 
tbeUgerlorma Potbha e a thick o clei 
tree anterior end aed a tinilar free pottemt 
c tremity In the email forme Black) ck 
tioeS) louad in the Alncin panete the 
cephalic clear ace measured from about $ 
to 8u and tl e caudal cleat are f om 0 to 
■6>i The beet break m the column of 
Duciti was eituated at f om it to ec per 
cent of the length In the large forms the 
cephahe clear area measures from about 7 
to till and the caud I Irom 13 to 18 
The (irstb eak in the column of tiucl ifrom 
the cephalic end was at ft m to 15 per 
cent of the length 

Ochotereoa ( ntol by it I tarn ng of the micto&iariae of the Meucatt patas te 
found that sta ti g fcom the head 0 e non nucleated portion occ pied 5 i per cent of tf e 
total length the pre nervous repon 4 1 the nervous ring ej 7 from the head and 
occupied I 6 per cent The eateno port was 34 S pet cent the cells of Bodenwal it 
63 pet cent the anal po e go ptr c 01 and the nuci at column ended at ga per cent 

The presence of tbe microfilaria has also been reported m the lymphatic 
glands cspeaally the inguinal gland However the adult parasites have ^ 
not usually been found m man outside of nodules or tumors Whether 
the microfilanae arc generally found in the deeper tissues and the viscera 
is still questioned 
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Mscfie and Corson performod antopsKS upon j cases in the Oold Coasi in »i>ci 
microfibnae were found in the slin but they were not present in the viscera Hon ever 
in these cases no nodules were found and the adult Onchocerca parasites were not dis 
covered in any part of the bodj tbough (hey were looked for 

In 1931 the nritcr reported upon a patient 79 jears of a^e with a tumor of the head 
and loss of vision in both e^es aho died apparently from general pentooitis Per 
mi Sion was obtained to perform only an incomplete autopsy itdult Onchocerca were 
found in the tumor Microlilariae were found in large numbers in the periphery of the 
tumor in the sLin in the conum and in (be eyes especially in the cottiji The 
etaminalion of film preparations made from (he liver and of the stained sections of this 
organ showed no nwerofdanae Rodham and Cavnlov 1935 reported upon the 
histological studies of tissues which had been sent them from a fatal case of leprosy 
occurring in Leopold tile Belgian Concho Ifaaever neither during life nor at aut psy 
was there any report of the discovery of nodules or Oirc/ioi erco m this case Apparently 
no blood examination had been made and no tissue from the skin or eye was sent to 
Rodham for examination Rodham found in the sections pieces of microfilanae in the 
truaimary gland and hver in small numbers in (he spleen and a few in the kidney 
They were also found in the cubital nerve In this connection it should be noted that 
Kiota in rgjo reported upon theoicurrenceof mieronlanaeof Loa/cam the spleen In 
rfiJ7 Rodham reported upon the hi tological study of the tissues of two other cases 
n htch had been sent him In the Ci st of these three nodu'es were found at autopsy by 
Dr Lesenan in Aasai Rodham found in the sections from iba case that mierobfanae 
were present in the skin in small numbers but not in (he deeper ti»sues or viscera In 
the second case there were no eiioiea) details except that it had been stated that the 
patient had onchocerciasis In decay subting the kidney which was sent to Rodham be 
found s dosen adult ilcaiit/oi,/iet!oaetii pcrtlan Apparently no sections of adult 
OmhoeeriiO ncre found in (he bistohpeal study but micjod/anac wene found in the 
sections of the skin as well as in the vi<cera In sections of the tissues it is often 
didlcult to make a diagnosis of (he genus of the infecting para iic from smalt pieces of 
the microdlanae Nettel (1933) performed (w> other autopsies on cases m Mexico 
Ife cxaraincd all (he organs for microiilarue but faded to Cnd (hem although he found 
them in the cutancoue nodules or cists Hence m order to a cettain to iihat extent and 
how frequcrtly the microfilariae invade the deeper tissues fa Cher studies are desirable 
with complete autopsies in whi h aduft Onchocerca are found and histologaal studv of 
the tissues is made 

Pathology — ^The adult parasites are clearly the inciting factor m the 
production of the nodules or tumors In addition to the production of the 
tumors pathological conditions mav result 10 thi. skm and in the tissues 
of the eje, especially the conjunctiva iris and cornea sometimes m the 
choroid and retina la these lesions which are generally of a mild 
inflammatory nature microfifanae are often present and not the adult 
parasite 

The nodules or tumors are enclosed in a fibrous capsule and contain 
especially in the central portions, usuallv several adult filarial parasites 
and numerous imcrofilanac (hoagh the number of adult para ites in the 
tumor IS \aTjable In some cases the tumors are spherical in others they 
are lentil shaped They are found embedded m the subcutaneous tissue, 
particularly in regions w here the peripheral lymphatics conv erge Some 
times they he in shallow depressions on the surface 0/ the skull, the pen 
osteum either being adherent to or fused with the interior surface ol the 
cyst wall Insomeca 3 es thepcnosteumapparentlv has become absorbed 

The appearance of the tumors studied in Gautemala and in Africa are 
similar The structure 0 / tbe tumars vanes to some extent according 
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to their age Usuallj the> are firm and grayish while at the periphery 
but there are often soft areas in the more central portions and these some 
times have a yellowish or orange color In other instances the central 
portions are composed of grumous naatenal with a imlby appearance 
It IS m these soft areas or cavities that the adult parasites are particularly 
found together with enormous numbers of the microfilariae 

//> Mo[icaI t iHafiiiR of the nodules slows that immedutely about the parasites 
thereisoften butnota! ays eiidenre of an inflamniatoTy e ction of a granulomato s 
chsTseter This is probably caused by the ptese ceofthepatasite A few polymotpho 
nuclear leucocytes and endithel ai phagocytes are Hatiertd about wrilh more numerous 
Small round cell oceasio al 1 lasma cells and to 1 pints The tissue about the cut 
sections of the parasites somet mes c >sts cluedy of fibroblasts and numbers of 
endothel al cells lyi g ithin a more o le s organized fibrinous ecudate Such tissue 
however is not richly vascularized in the ch ract stic ma ner of granulation tissue 


a d It has not the tyi ical I uctu e of a gra uloma such as is encountered for example 
in the granulom ta f either yai s or of verruga peniv ana Outside of these areas of 
mild infiammatory reaction (he nodule is comp sed largely of fibrous connective tissue 
In the older and larger t mors the fibrobbsts may be fe \ in number and the &br gl a 
bbnls not abundant tb 0 Jules in such instances being composed particularly of 
collagen fibers forming wa y bundles Inno eofthetum s is the e marhed evidence 
ofi mitosis gi nt cells may be p esent diSc ent portions but usually they are not 
numerous No of the tumorssb w any e idenceof malignancy However Hoeppli 
who stud don oncboce c I tumor histologcally found umerous giant cells and in 
several pbces the mieroscop cal pmture resembM (hat of giant cell sarcoma hfar 
tinez Baez (1935) who has e mined b picc s of tumors which originated in Africa 
Cuatcm la and Mexico described espea Qygra I matous reaction about the p ras tes 
surrounded by more or les adv reed fibrous and sclecoid tissue Ciant cells were 
numerous in jna y of the Cuacemala iDio is II found the structure 0/ the nodules 
caused by 0 ml Is and 0 eaeculuns ess t ally the same Ihoi gh he de c bes minor 
histolog cal d Here ces which be bel eves d sUnguish them 

Tlie lesions fou d in the shin and tissu s of theeje ate in gen ral of a mild inflam 
matory nature with p nvsKuUr piol feration a d infiltration of the tissues with 



ONCHOCERCIASIS 


1356 

l^phocytes polymorphonuclear leucocytes and plasma cells numerous microfilariae 
being present also The eosinophik also nsttaDy ate increased The lesions m the 
skin and eyes are considered m deUil under the subject of Complications 

Transmission — The disease is transmitted by the bites of several 
species of small black flies of the genus Stmtiltum This fly is found 
breeding m the rather swiftly flowing streams or brooks that abound id 
the infected districts the lartae and pupae of the flies being attached 
particularly to the leaves and stems of plants, especially floating grasses 
growing or immersed in the running water, as well as to the surfaces of 
stones or logs filacklocL, working in Sierra Leone first showed that 
Simultnm damnosum is capable of transmitting the infection in Africa 
and descnbed the complete development of Onchocerca volvulus in this 
fly Shattuck Bequaert and the wnter were able to find confirmatory 
evidence of this fact m Liberia a short time after BlacLlock s publica 
tions in 19JS In 1931 Bequaert and the writer showed that in Gaute 
mala three species of simuhum arc capable of transmitting the infection 
in Guatemala as follows Aimn/uim avidum (syn 5 niefalhcum) ? 
oehraeeim and 5 vioostn (syn S calhdttm) while Hoffmann reported 
finding developmental forms of the parasite in Simuhum moostrx in 
Mexico Finally, Hissctte Bequaert Sandground and the writer (1934) 
found that Siwu/fiMw nea et may aUo transmit the infection m the Province 
ofLusambo This lias been confirmed for Kasirondo by McMahon (1940) 

McMahon (1941) iti Kenya found that practically all the Oies were S neam and 
of 557 flies dissected 49 were infected 

The microfibnae after being ingested by the fly pass from the gut to the thoracic 
muscles They first increase in length and tbeu become v try much broader lose much 
of their motility and finally assume the sausage form After several moults have 
been accomplished the parasite assumes longer and more slender forms which posse s 
marked activity and pass from the thoracic muscles patiicularly to the head and 
proboscis We have repeatedly observed all stages of the development of the parasite 
in the fly from the time of the ingestion of the microfilariae from the skin of the infected 
individual up to the fully developed infecUve filarial forms in the thoracic muscles 
bead and proboscis 

In Guatemala about s pvr cent of the wild simulium flies captured in the endemic 
districts were found infected with the parasite lo one village in Lusumbo Belgian 
Congo where the rate of human infection was very high gy per cent of the wild simubum 
flies were infected with the parasite 

Only the female fly bites and trausmits the mfection The Sdivlioae are day 
biting flies beginning to bite about 6 a m and bite freely usually between 8 a m to 
S or 6 p m The face neck feet ankles wrists and arms of natives in the endemic 
regions usually are exposed and the flies ate frequently found biUng in all these localities 

ilammahan Hosts — In the study of the ongia of the disease in Africa examinations 
were made of the fauna of the different regions to ascertain if another mammahan host 
besides man could be found for the parasite O wf utus Species of Onchocerca were 
found in antelope and buflalo Biilatus coffer not giving rise to nodules and not identical 
morphologically with the former species However subsequently in the eland 
antelope (.Taurolragus oryx paltersomanus) subcutaneous nodules were found in which 
a speaes of Onchocerca was present apparently identical morphologically with O 
volvulus Cattle in the region to the south and in West Afnca also show nodules con 
taming this same species of OncI ocerea (Cameron Lc Roux and the wnter) It seems 
probable that m onchocerciasis a spenes of antelope may sometimes act as a reservoir of 
the parasite It al o seems possible that human infection may have been onginaiJy 
acquired from wild animals or cattle In a pygmy village where Simuhum were 
highly infected the inhabitants also werebadlyinfected with onchocerciasis Pygmies 
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IS IS w«ll knwn spend i Urge put nf Itea 1 fe in hunting wild game They do not 
till the soil or have any regular agneulwril pursuits Now that strains o! the para 
site have been thoroughly established m man in Unca Cuatemala and Mexico they 
are transmitted by S miiliUTTttrotnroat to man entirely independently o{ other animals 

Cliucal Features iNCtffiATion Ibsiod — T he development of the 
nodiiles or tamors Q«;uts slowlj but there ts evidence of the occurrence 
of small nodules tn children under one >car of age Robles reported the 
presence of a nodule in a chtldicn under 3 months of age The writer 
has seen b cases in >oun8 children 4 of whom were not over 10 months of 
age The rate at which the nodule increases in size probably vanes m 
diSerent individuals and with the number of adult parasites within the 
tumor Also the tendency to keloid formation in some cases may be 
one factor 

Age Sex and Race — Th nodules while not uncommon in children 
ate more common in adults Men are somewhat more frequently infected 
than women In Africa infection in while tnen has been rather rare 
only ome so cases have been reported However tn Guatemala infer 
tion in Europeans tv not very uncommon 

SbscuTANEOUS NoociES — fhe subcutaneous nodules or tumors vary 
in size from a to 3 millimeters up to some 5 or 6 centimeters in diameter 
The larger tumors are usually of more than 3 or 4 years duration They 
are firm to the touch Thetr number and location v sry greatly in different 
vndvMdual and in different, parts of the world In parts of Africa as 
Sierra Leone Liberia and in Guatemala the number of tumors usually 
vanes from i or 2 up to 5 or 6 though rarelv even mote nodules may be 
present On the other hand m the Province of Lusambo large numbers 
of people were found with from 2$ to 50 small nodules and some with 
150 or more 

The greit vanition la the nuniber o< nodolcs or turaon in diSerenl loeilitiei u for 
example ID Cuitem UindLusaiaho ore en in the same locality m y be expUuied in 
pan ow the bwiv ol the diCeieot r wjnbet ot times that the mdividuaV has been bitten 
with infected files Tn C uatemala where the number of nodulea per uilectrd person is 
not usually over t (0 3 or 4 weneverfound m any district m which we worked more 
than spet centolthew HSi luIiHm files caught in the vdUge infected with the parasite 
but in Lu ambo Bequaett SandgeonOd and the writer found as high as 33 3 per cent of 
such 6 es infected Although a amgle infected aimaf un may contain sometimes as 
many as 0 infective 1 tval f rms of the paraa te in other instances only 1 or a of these 
ir fective forms are found in a fiy lienee it u probable that an individual with o er 
ISO nodules has been b tten I y many infected fl es 

In Guatemala and Mexico the tumors are commonly situated in the 
region of the head especially on the scalp comparatively few upon the 
trunk However in Sierra Leone Liberia and parts of the Belgian 
Congo the tumors are usuaUy found on the trunk especially in the 
intercostal spaces in the aaiRae on the back around the pelvis and 
sometimes in the region of the joints rarely on the head On the other 
hand in thel tovince of Lusambo C entral Africa one mav find numerous 
small nodules widely scattered over Uie head shoulders and trunk 
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A satisfactory expUnation can not be given regarding the tendency to the location 
of the tumors upon ilitTerent parts of the body in dilf erent geographical regions It has 
been suggested that the j oinl at svhich the fly bites may be an important factor m 
determining the location of the tumor and HUcklock has given some evidence that this 
may be a factor Ilovievcr there is not yet convincing evidence of this In Guite 
mala where nodules occur so commonly on the head the flies are found frequently 
bitmg upon the legs and the tumors are not found in Cuatemala about the lower 
extremities Also the scalp of the natives is generally covered with coarse bushy hair 
and most of the natives wear hats in the day time when the fly bites The tumw 





Fic 3ii —(Above) Simuhumdamnosum (Relow) Dorsal and ventral asiect* of p p* 

and cocoon of Siraultusn (Uber a After Denuaert ) 

often form on parts of the holy where the lymphatics converge and where pressure for 
various reasons is hkely to occur It seems possible that the frequency ol the nodu es 
on the head in Guatemala ony he uiRaeneed by the lywph vcsselj of lie subcutaneous 
tissues of the head becoming constneted In some Way by hats or head bands worn m the 
daytime or by the bead resting upon a bard pillow or some wooden object at night ss is 
customary there 

The tumors when sifuafed upon the trunk usually cause iittle or no 
inconvenience, though sometimes the> cause pam The> rarel> sup 
putale and give rise to abscess but in a few instances uvhere death of the 
adult parasites has occurred or secondary bacterial infection abscess 
has resulted When the tumors are located about the joints they are 
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more likely to cause disturbance by becoming inflamed and painful 
When they are situated m the region of the scalp or about the shoulders 
ocular coniphcatioos are more likdj to result etentualJy 

Cases \mthoot Nodli-es — While in the majority of the human 
cases of onchocerciasis sooner or later a delmite nodule forms about the 
adult Onchoctrea as a result of the irritation which the parasite eterts 
iti the surrounding tissues there are instances of human infection in which 
there are microfilariae present m the skin in which no nodule or tumor 
Can be recognized and when there has been no history of a tumor In 
horses cattle buffalo and antelope adult parasites of species of Onchocerca 



(some identical in morphology with O to/swImj) may occur in the regions 
of tendons especially the ligamentum nuchae and not inclosed within 
dehnite nodules 


The writer (spec lUy I r these reasons sugs sled that the h man spea s of 0 tho 
Cl ca may abo sometimes occur in m n m s>m lu s tuabons or free m the subcuU ous 
t ssue However although the adult Oiichtcer a has been ho vn in mm since iSg j 
it IS only comparatively recent that a leiort has been publi bed n nturh an enti e 
adult parasite has been found m man out id ofanodule Sharp in 1927 identifed sa 
portion o( a fen ale 0 cAor rro a fiagmeot of a wo m uhi h dresser had removed f om 
an ulcerated condition of the foot but Podhain and Uioden po nted oit that this 
parasite might have been set f ee from a nodule by suppu alion However van den 
Eerghe { 936) has reported that in two anteps ts upon mdividuab infected with 
Otichoc c nd showing nodul befeundfre dult parasites In one case a female 
par site was found in the connect! e tissue 10 th legion of the nght trochanter and 
th ee fragments of a worm in hbers of the f sc»a laU of the right thigh In the second 
Case anadult f male par s te wasloundf ee I th dense connective tissue of the right 
trochanter (S ealsop 1370 Ncttel) 
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—The differentia! count of the leucocytes usually \mU reveal an 
eostnophiha Sloncpellier and Lacroix have called attention to the high 
increase in the eosinophile cells in the blood in infection in Africa Ip 
G uatemala the writer and Bennett have found eosinophile counts varying 
from 25 to 50 per cent while Holfmann (1930I in Mexico found counts 
varying between 20 and 75 per cent with an average of 37 per cent 



Fig 313 —Th fd and fourtl" itage larval fonns of O tSoc refl from Jp " liam fonnJ 
3 and 4 are approaching the typ of th form nf live for m n form S Is the infective 
form for man of tnicrofilanae {Oachocerai t eatl tnj) from the head of 5pm Ipppm 

CompUcaltons — In many individuals that apparently possess a special 
susceptibility to the products of metabobsm and perhaps to the presence 
and movements of the parasites inflammatory lesions occur m the eyes 
and in the skin However, m many other individuals these secondary 
disturbances do not result The ongin of these secondary lesions is not 
entirely clear It has been suggested that the inciting factor is (i) a 
circulating toxin that has been excreted hy the adult parasites in the 
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play on!} a secondary role id the cuUneons lesions and thal Ihey are due to allenc 
rcncijons depending upon the antigen liberated by the macro/ilanae in the sewiuzcd 
human host especially at the bme of birth of the microfilariae Ilissette belie\es the 
ocular disturbance due to the mictofilonac themselses and not to a totm escri td b 
the adult p.trasi(e5 Opinionsare therefore divided as to what is (he most important 



FtO 3 16 -~Onchoe«rca] nodule with erodematic condition of the sbin 



Fti" 31? ---S ct on of stun lUust at oe in ny m crofilana aft cor um 

inciting factor in bringiOo about the loflamroatoiy changes ''hafi beheies that tbt 
skin reaction produced bv onchoeercal lOfestaUon vanes with the seventy of the 
mfectioo The w nter thinks that while seventy of the infection is one factor 0/ impor 
tatice the suscepfibihty ol the patient is apparently a very important additional factor 

Rodhamand Dubois foundin skin Icstsmadewithaijantioen obtained fromO w! ulus 

tea lea and Ascans that & much more bvely reaction was obtained m patients nho were 
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subject to prurigo laonepersonxuUiO »i»«J»«w><«tionandnopruri o therenasno 
slin reaction The role that the m cttifilatiae play »n the production ol the inflam 
mitory changes is not clear It is i*eU known that roicrofdanac ot other species ot 
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matory reaction and fibrosis and numerous endothelial cells and eosinophils He 
emphasizes that the temporary restin^ of the microfilariae within the visceral capillanes 
13 unaccompanied by tissue reaction while a more permanent abode of them as seen in 
the spleen is associated with infiammation and fibrosis rodham ( 1937 ) in the study 
of the tissues from a case of onchocerciasis complicated with Acanthocheilonema pcntans 
infection found m the sLin a cellular infiltration and some atrophy of the papillae but 
did not find any lesions in the Uver associated with the microfilariae encountered there 
which were either MtcnfiUiria persloHS or Utcrofiaria toI ulus In onchocerciasis 
observations have merely showm that in the shin and conjunctiva and other portions of 
the eye in which the microfilariae are numerous inflammatory reactions may occur and 



Pio 330 —Ocular oochocercjaa punctate Icaraiit s and e ly lateral pannui (After 
Hissette ) 

that It seems probable that their presence products of metabohsm death and dis 
integration are of importance la the production of the lesions in question 

Skm Lesions — Since the investigations of O Neil and Montpellier 
and Lacroix m ig o it has been recognized that one form of ‘craw craw 
or gale filaiienne ’ is a dermal manifestation of onchocerciasis 

In old cases of the disease prungmous and xerodermatous conditions 
may be observed The skin lesions sometimes consist of isolated or 
confluent prungmous areas in which there is slight induration and some 
times slight changes in pigmentation The inflammatory process is 
frequently increased by scratching In such areas sections of the skm 
show a few or numerous microfilariae in the conum with perivascular 
probferation and infiltration of the conum with lymphocytes poly 
morphonuclear leucocytes or plasma cells The eosinophils in the skm 
are frequently numerous In other cases generally of long duration a 
xerodermatous or sclerodermatous condition of the skin is present In 
sections of such skin microfilanae are frequently found usually with 
more or less cellular infiltration of the conum and in some areas the 
sebaceous or sw eat glands are few or absent, and there are changes in the 
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thickness of the horny bjer of the stin However, in some cases with 
advanced lesions no microBlarue at all arc encountered in the corium 

It should be recalled that the ouctoblanae in (be lubcuUneous tissues are probably 
■n constant mot on ^t one moment a moist nunute section of tbesbm may reveal as 
many as too motile micfafilanie A short bme aftnwardi or tie (oUoi mg day a sec 
I on of tie skin made close to the samelocabty will reveal only several or no microfilariae 
nbatever Great changes in the number and m (be presence or absence of m crofilanae 
from certain areas of the skin at different tunes have been repeatedly demonstrated 
The ad anced lesions of the skin ha e been stu6ed particularly by Fulieborn 
D Hooghe and Rodham and Valcke D Ilooghe (1904) observed 6 cases in Europeans 
in j of which there was marked pmngo He regarded the prurigmous lesions and the 
periodic engorgement of the tumors as due to an allergic response to an antigen which 
wasp obaUy produced at the tinted periodic btnh of the microfilariae 



Pig 3 — b] rfila ety g nodmlusaeaor lymph p n th per c rn al 
0 junet V eg 1 c I a v body (Onchoc s Repo t Ifa va d pso J 

Rodham and kaicke (193SI baveal oeianuned 4 more cases m Europeans in which 
microfilarue were present m the fluid Iroio the punctured nodules though none were 
seen in the skin although pruritis was marked to all of the cases They bel eve that 
this e idence also supports the view that the embryos play aly a sec ndacy rdle m the 
sens tuation of the ski 1 and that (be absence of nucrofilanae tn the skin m ases with 
chr r c prurigo supports the theory that the prurigo may be considered as a manilesta 
tion of allergy dep nding upon infection with O ck« t ea rain I t 

AsG bbonsandhoewenthal ( 9jj) suggested it seems possible that the skin changes 
fmtim s seen in onchocercia ismav beindaencedoreven due to long standing attacks 
by mill un whose bite can sometioies imtate fora per od ol a week Ini dividuals 
especially suscept ble to tbe irritating effects of the bites of these S es the toxin intro 
duced by tbe bite is e ideotly sometimes a oont ibutmg factor m brmi,in about the 
inflammatory changes and Iichenification sometimes obs rved 

Robles first pointed out that the parasite sometimes produced a d fin t« type of 
erysipelas which was termed r u felaAbMfa Tbe erysipelas usually occurred about 
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the face and eyes and there was often a use of temperature This condition was also 
noted by other Guatemalan physicians It has been suggested that it is an allergic 
phenomenon or that perhaps by scntching a bacterial infection of the skin with a 
treptococcus has been superimposed up on a lymphatic system in which circulatory 
disturbances had already occurred which leads to the erysipelas 

Elephantiasisaad byd/ocele have also been reported by at least ten investigators as 
complications of onchocerciasis in Afnca Laigiet reported a case in which there was a 
lol h/»s cyst upon the side of the chest from which numerous microfilanaeofO col ulus 
were obtained There was al o elephantiasis of theJeft foot and beginning on thenght 
However upon centrifugation of the blood microfilarue of 1 /cerfonr were also found 
Chesterman (iQjj) m^akusu has observed many cases of elephantiasis withelephantoid 
scrotum up to eight and ten pounds in weight together with large and pendulous groin 
glands D Ilooghe (igjs) in the Congo ilso encountered elephantiasis and adenolym 
phocele in cases of onchocercal infection In these regions infection with MicroJUcna 
hancTofit and Micro fsl<itta prrstam are common Van den Berghe (igj/l al 0 noted the 
presence of microhlanae resembling microCbriae of Onchocerca id genital elephantia 
sis In Guatemala no case of hydrocele or elephantiasis has been reported as a com 
plication of onchocerciasis In the region m which onchocerciasis occurs m Guatemala 
other forms of filanasis are not encountered \\e observed one case of elephantiasis 
of the leg in Guatemala outside the onchocercal endemic regions but there was no evi 
dence that vt wasof filatial origin Obviously if the onchocercal parasites should block 
and cause lymphatic obstructioD and bacterul infection supervene elephantiasis mi bt 
well follow In the great majority of the cases the onchocercal parasite evidently comes 
to rest m the more superficial tisaues The numerous authoritative report from Africa 
show that elephantiasis sometimesoccursm thatcountry luoirecfafieit with onchocercal 
infection though it is not so common as it 1 in association with 11 vchertTia ban rofli 
infection The fact that elephantiasis occurs m Africa as a complication of oncho 
cereiasjs and not in Guatemala dearly indicates that the elephantiasi is due to 
another factor besides the presence of the parasite The importance of secondary 
bacterial infection in elephantiasis associated with M vchtrem 6iincro//» infection 1 now 
well recognized Swelling of the lymphatic glands is not a complication of onchocet 
ciasis that has been frequently noted tboueb zaicrofhnie have been found m the 
inguinal gland on a number of occasions afactemphasizedby Rodham (1936) 

Ocular Complications — Robles (1916) first called attention to the 
ocular complications in cases of onchoceraasis in Guatemala His 
observations were confirmed and extended shortly afterwards especially 
by Luna and Calderon In Mexico the lesions of the eyes have been 
studied more recently by Ochoterena Torroella and Silva and in Africa 
by Hissette (1932) Bryant (1935), dHooghe (1935) and in Guatemala 
and Africa by the writer 

The ocular disturbances are believed to occur only late in the disease 
and usually after the infection or nodular lesions have persisted for some 
5 or 6 years or more They generally have an insidious onset Photo 
phobia m many cases is the symptom which first disturbs the patient 
In other instances the discomfort and irritation usually incident to 
conjunctivitis is first noticed or epiphora may become troublesome 
Amblyopia when present is usually a later manifestation In the early 
stages conjunctival hyperaemia especially near the margin of the cornea 
IS common Hissette has pointed out that the perikeratic redness in this 
condition which is of importance is that caused by the deeper lying ciliary 
vessels in the inflammatory reaction of the cihary body rather than that 
due to the injection of the superficial vessels Id some instances an 
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intis beginning at the pupillar> border js first noticed After the intis 
has de\ eloped the pupil is usuaH> contracted and small and sometimes 
irregulir In some instances tn>osis results Photophobia and epi 
phora are common at this stage of the infection and impaired vision has 
alreadj resulted 

Later tbe aspect of the 1 is itself may change becoming thickened and altered in 
colir and cover d with esudate llissette ( 937) emphasiaes that mdocycbti ihich 
develops slo vly and is characienied by the e ntracted pupil the dull clouded ms and 
tbe perikeratic redness u one of the mo t chaiactenstic a d constant lesions of on ho 
cerciasis If it continues to progress tor a long period a permanent d stu bance of the 
function of the ins IS produce 1 hy special illumi at nand magnifyin lenses in some 
I Stan es be has obser ed a fine precipitate n Descemet s membrane or a deposit of 
pigment on the anten r urface ot the crystalline lens her ih re were adhesions of the 
ins Most of the ca es with such le ions had already reached the stag of hi nd ess 
In many cases synechias occur causing 0 e pup I to assume an iriegtil r sha) e Afle 
repeated attacks the ms in the region of the pup 1 m y become adherent to the anteri r 
surface of the capsule of the tryst II nelers by a ting of synechus c using seclusion or 
I tei even occlu ion of the pupil In the btc stages of tbe d sease atrophy of the itis 
may also oecur with di.4| p arance of the p gmented bord r of the ins and thickening 
of the wall of the blood essel and sometimes alteration in the pigment cells 

In Other cases small areas of opacity in the cornea may first attract 
attention (punctate keratitis) These may increase in size and become 
confluent Vascularization of the cornea frequeniK follows and m many 
cases pannus becomes well developed In the earliest stages of the 
keratitis the size of the opacities in the cornea are so small they can only 
be detected by the aid of a sht lamp ind the corneal microscope Later 
theymay reich one millimeter mdiimeter They may be located between 
the epithelium and Bowmans membrane in the body of the cornea At 
this stage of the di ease the sensitiveness of the cornea 1 greatly le sened 
or IS lost 

In tome ad anced cates a deep or iliary asculsti ation is present m the deeper 
layen of the corn* g ving nse t %n interstitial keratitis Th s le ion appe n eith 
when pannus is already established r at th time of ts onset 1 1 such cases precipi 
tales may soraet mes be teen upo tbe endothel um \h ch lines Descemet s m mb ane 
Bryant ( 93s) in a study of Sud n blindness in (be \nglo I yptian Sudan \\h ch 
he believes due to infection itb Onc/ore cai / nfi f und the pthalmoscop c appear 
ance to be that of a d fused ret noeboro dil s w th optic atrophy olltn wit) sclerosis of 
the retinal vesKls an 1 the depo ition oi masses of pigment on the etin Advanced 
keratiti n as also four d in some ca es I! ssclte has m e recently ( 937) tall d atten 
ti n to the importance of pigmented rel no hor ditia in onch >ceTciasis and emphasizes 
that the pr cess ofle results in dystroi hy of th opt c ne ve and later m at ophy and 
IS the cause of hi dn ss in many ca es 

i/i t loiic 1 Si d es —Histological tudies show th t in the b Ibar co junctiva 
e penally near the m rgin of the cm lie I ions res mble s me\ hat those seen in 
sections of the $k n There is often mote ot le s ma ked per vascular p oliferation and 
mfilt ation of the surround ng t s ue with e dotheli I leucocytes and small groups ol 
lymphocytes polymorphonuclea I ncocytes and pi sm cells m y be pr ent In 
on 1 t nee hyalne degenet tion of tteconnecti e tissue fbers of th suhconjuncti al 
lis ue « sir sent < esuUing 0 pingu cola) and the conjuacU a nchly invaded w ith 
microfil lie omill cysts of the conjunetivae were also observed m three case and 
d lated lymph spaces in ev 1 other in all of which m crofilanie were plentiful in 
the coQj ncti 
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In advanced cases fibroblasts and fibroglia fibnis may be present Similar lesions 
are found m the ins and cornea In the cornea especially rear the periphery vasculan 
aalioa has often occurred The captllanes are ui places dilated and among the newly 
formed capillaries there is infiltration mth leucoi^es plasma celU and occasional 
fibroblasts The epithelium on the surface of the cornea is sometimes irregular being 
thinned and destroyed or in other instances is hyperplastic Caudate contaming 
lymphocytes and sometimes fibroblasts may also be present betw een Bow man s mem 
brane and the substantia propria In places the membrane may be destroyed Less 
frequently these changes may be seen in the deeper layers of the cornea proper In a 
few advanced cases separation of Descemet s membrane has occurred The micro 
filanae are found in the conjunctiva cornea and ins sometimes in association with 
groups of lymphocytes How ever they are often absent from these areas but present 
in adjacent fields of the microscope When alive they are apparently continually 
moving In places in the cornea the writer found them when from their appearance 
and uniform staining reactions they were probably dead In the anterior portions 
of the cornea they are found particularly in spaces in the tissue which they apparently 
create by their movements and in the lymph and newly formed penvaseuhr tissue 
spaces ILssette has observed in addition general uveitis with degenerative lens 
changes and discrete retrobukr optic neuritis 

Pttialenct ef Ocular Compbcoltons—The prevalence of the ocular compbcations 
varies considerably in the different regions In 'femco (in Chiapas) Larumbe (19 i) 
reported that of 4 000 cases of onchocerciasis about Soo developed Leratitis iriti and 
choroiditis and 100 were totally blind Miiblens (1932) writes that at LaGranja 
Chiapas about jo to jo per cent had ocular di turbances In Guatemala (1931 and 
193:) among our onchocerciasis cases disturbances of the e>ea were encountered 
m Only about $ per cent However only ibe robust and well would find emplojoent 
in the privately owned coffee plantations and the percentage with ocular lesions might 
be higher in Indian vilbges away from these pfantations In fact hfira Dias and 
Cstfves (1933) found that in the examination of 742 cases about 6 coffee plantations in 
Guatemala 34 8 per cent complained of photophobia and 23 per cent suffered with 
amblyopia 

Hissette in the northwest Congo found di turbances of the eye very prevalent 
In the village of Ilebo of 130 persons 63 haddi turbances of the eyes due to onchocercal 
infection 15 or to per cent wiere blind 42 of the 68 with disturbances of the e>e hid 
nodules upon the head 

Bryant (1933) who has made a study of Sudan bbndness m the Anglo Egyptian 
Sudan bebeves a large amount of it is due to Oncbocerca Tohulus infection In a 
number of cases of Sudan blindness 58 per cent gave visible evidence of 0 lolviilui 
infection or 49 per cent more than the average of the adult population 

CruicLsbanlc (1934) has also emphasized that 43 per cent of the Anglo Egyptian 
Sudan population suffer from endemic bbndness much of which is due to onchocerciasis 

Although ocular di turbances bad been recognized in Guatemala since 1916 poor 
to 1931 the association of ocular disturbances definitely due to the di ease in Afnca 
had not been demonstrated However m a very high percentage of the cases observed 
the tumors had been encountered upon the trunk or extremities and not situated 
upon Che head 

Thus D Hooghe (1935) m the examination of 3448 natives found that 2 i per cent 
presented ocular comphcations and that o 4 to o 3 per cent had become blind How 
ever in the very great majority of the cases nodules were situated upon the trunk the 
number of fibromata upon the scalp being only S 7 P«r ''at 

Blacklock in Sierra Leone where nodules on the head were found only m 8 cases 
observed no ocular lesions 

Rdahonshtp to Tumors — Experience in Africa and Guatemala seems to indicate that 
those individuals in which the nodules or tumors are located upon the head or shoulders 
are more likely to suffer with disturbances of the eyes and that iri cases in which the 
tumor IS located at considerable distance from the head ocular lesions are more often 
absent It has been conclusively demonstrated that the microfilariae are generally 
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lound in greatest numbers m the akiu la tLe vicunty of tbe tumors and that at consider 
able d stance from tbe tumors very tevr or iu> nuciofilanae may be encountered In 
Guatemala tbe microfilana were found in the dun most abundant in that of the face 
u ually very few or none m that nvei the anUea or feet 

In cases niih tumors upon tbe head neck or sboufdets mi codlanae do not have 
so great a distance to reach tbe eyes asthey would meases oitb tumors upon tbe trunk 
or joints and they ate frequently much more numerous in the ocular conjuoctivae 
in cases n ith nodules about tbe shoulders and head than in cases with nodules cl ewhe e 
in the body It would appear that the continual jaenetratioo of the dense connective 
tissue of tbe cornea by large nutnhers of microdianae and tbe death of many of them 
there and m tbe other tissues of the eye may csert a pathological effect as well as any 
toxin which is produced by tbe parasites 

Obviously It would be wrong to conrludo because miciofilarise are m rely present 
in small number in the bulb r conjunctiva tbai the disturbances of the eye are neces 
satdy die to tbe filanal infection It should be empbasised that id many cases of 
onchocerciasis tbe aucroblatiae in the slun may not produce any disturbance of motnent 
So also m tl e eye the mete presence of a small number of uucrotilariae in tf e b ilbat 
conjunctiva maynot give rise to any I sionsof tbe eye that ate demonstrable In many 
tropical countries d sturbances of th eyes ate common for various reasons the indi 
viduals being pre6spos<d to such affectioQs through then low decree of 1 telligence tbeir 
poor kn vr edge of hygienic conditions and theit gtoetal mode of life lu tropical 
countries heat wind du t and tmoke within the bouse or hut are all ii]i(ottant m 
bringing about ocular dutirbsnces Avuatninosis xetopbtbalmia especially when 
assooated w tb b eterial infection ttypanosomiasts and atsenical po seniog mav alio 
be retponsible for much bl r dne s in regions where onchocerciasis pie ails 

Movements of Fuesites m the Eyes—A symptom soDieiimes complained of is 
that nUting to entoptic VIM n of tie Dicrotilarue crossing the isuslneld Mublens 
and I£i sett have repotted that some of tbeit | atients have omj lamed of seeing 
movements within the eye Id one f 11 sseites patients the m ivemenu described 
lugg it dsotsewbM those of mosquito larvaem vater To eoetbet patient the forms 
seemed to be black m e lo nd to a third as worms of Are He s ggests these svmp 
toms were probably due to a localisaiio of the iiucrofilanae js the neighbo h od of 
tbe retina or cb t id nea to tbe macuta tone Silva witl GulUtrand t ophthalmo 
scope has reported that he has been able to see in the vitreous humor shadows of the 
moving tntctoblanae flisseite bas observed dead larvae with fiakes of fbrtn and 
pigment in the antenor chamber whil Boase ( ojs) 'd ^ee da t w tb microfilariae 
m vin; aero s the aqueous humor m a bbnd school teach r 

Re d nd Adams (ipiS) have also obscr ed n two occa 1 n with the si t lanp 
BUCTofilanae ir smaU numbers Tbe mtcrofilatiae removed themselves with lemaik 
afle rapidity from the bngbt light applied by the ajparatus They could only be 
observed for a lew seconds before ieavwg tbe range of >1 ion 

Quevedo (194 ) bel eves the ocul r troubles are caused by the microfilaria in the 
tissues and ai not due to a toxin produced bv the adult parasite lie bas ne ei failed 
to find microfUr ae in any e e les 00 caused by o chocerca Lat r the microfiliriae 
can be seen free in tie antenor chamber lie basobser dall theocular changes which 
have been pt v ously cecogniied 

Diagno 1$ — The oneboer csl tumors $ met mes may be confused w th dermo d 
cysts Upomata non pa as tic fib omaia and especially with ju t a t cula nodul a 
Onchocercal tumors simulat very well juxu a ticular n idul s ndf eqi qUy affect the 
same ceg ons I 0 it is frequently impossible to di bnguish cl nically one from the 
other without microscopical examin tion 

The d agnos v of onch ce cias s may be made by pun tute and a piiauon of fluid 
from the uodulac tumors and tbe discovery ol the m ciofila ia« in such fiuid Often 
seve al hundred p la t s may be ( und n a a ngle d op ol the aspirated fid (5 e 
f g jss ) On tb other hand no m ofil 1 e may be obtained even though the 
nodule IS onchocercal n nature bometiia a only adult male pa asites or onlv female 
p ras tesor dea Ip ra it sar presents thetninor If themic ohlanaeireBctpreseot 
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in such fluid frequently they may be found in small sections of the skin removed by a 
safety razor blade In fact in a given senes the examination of the section of the skin 
may give a higher percentage of positive findings than the examination of puncture fluid 
from the nodules Mo t favorableresaltsusualty’ are obtained luth skin removed from 
somew here near the tumor If the tumor is on the scalp the cheek is a favorable place 
The portion of skin should be transferred to a glass slide and a fe« drops of nornal 
saline solution added and a cov erslip placed over tt No teasing of the skin is necessary 
It Is preferable that the sections of the skin should be sufficiently Ihm so that practically 
no blood is drawn in making the section 

In instances in which no nodules are found detection of the micro 
filariae in sections of the skin or of the conjunctiv ae is the onlj satisfactorj 
means we possess for the diagnosis of onchocercal infection However 
if no microfilariae are found in the skm U does not exclude the diagnosis 
of onchocerciasis since they are sometimes absent in the skin when true 
onchocercal nodulea are present In the great majority of cases whether 
ocular lesions are present or absent the microfilariae ma> be detected 
m thin section of the bulbar conjunctiv a obtained w ith curv ed ej e scissors 
Diagnosis ma\ sometimes be accomplished m an endemic center bj the 
microscopical examination of the contents of the gut of a simulium flj 
immediatelj after u has fed upon an infected patient Jlicrofilanae 
sometimes ma> be encountered in the fl> often in considerable numbers 
even when the direct examination of a section of the skin has been nega 
tive The Qy in feeding apparently causes a concentration of the micro 
filariae at the point of the bite 

In cases with no demonstrable nodules sometimes the presence of 
eosmophilia 30 per cent or more ma> suggest the diagnosis as was the 
case m a patient with ocular disturbances at the Liverpool School of 
Tropical Jledicine in 1938 However eosmophilia may of course occur 
in other forms of fihrial infection (see p 1378) 

Nettel (tg4j) reports that in cases with ocular disturbances periauricular nodules 
are easily over looked that nodules may occur in muscles and attached to fascial plines 
or other deep nodules may remawJ imdeircied Of 40 cases with bhndness periauricular 
nodules were pre ent in all and they are apt to produce oedema of the face and ear 

Immun reactions — Attempts to demonstrate any immune reaction in oncho 
cercusi have not been very successful The writer and Bennet tried to ascertain if 
hypersensitive reaction could be obtained v ith an aqueous or alcoholic antigen prepared 
from the adult parasites or from tumors contaiiung the adult parasites and enormius 
numbers of ova and microfilanac Such aot^ens were employed in performing both an 
intradermal test a i ell as the precipitin reaction with the serum of cases of onchocerciasis 
m Guatemala Both the c reactions were found to be of practically no value in 
diagnosis V\ bile in the majonty of in tances of onchocercal infection an intradermal 
reaction was obtained a similar reaction was also frequently obtained in control cases 
with no onchocercal infection and some onchocercal cases gave a negative reaction 
The precipitin reaction was po itivems few but negative in many of tbe cases 

Rodham and Duboi have petfomed the intradermal lest in 3 ca es of onchocerciasis 
in Africa usitio an anti en prepared from Onchocerca loliulus and ioo loa or Dtrofiana 
immsti They state that the reaction is evidently a group one Although positive 
reactions were obtained in the three onchocercal case they d d not show the uniformity 
obtained by them in Loa loa or D pelafonema fersfans infection 

Fullebom (igir) also prepared an antigen lydiyinga nodule e cjsfd from a case of 
onchocerciasis The inoculation of this antu«> w two cases with onchocerca nodules 
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gave typical wheals but not only with them but also with onchocer a free control 
sensiti e to Ascaris and St eniylo 4 t ant gens 

Tairley ( g3i)usin aO o/for 0 antigen states the skin test and c milcnentf ation 
ones ereb ih partially positiseinoneca eofonch cemasisalte remo alof the nodule 
Also Rodhain and \aa den Ceanden m onehoc rciasis C3 cs obtained no lasorable 
results with th complement fxalio test using a O eaf ul <1 eetract (or ant g n while 
MontpeU er and Bera id w ith such an aal gen obtained so per cent of positis e react ons 
m cases esidently not infected with onchocerca 

Also Gutierrez in Me ico prepared an anti{en m de of portions of onchocerca 
parasites extracted f om nodules and perlormed tbecociplcDient fixation test Positice 
react ns were obla ned in all cases suffen g from onchocerciasis and al 0 f om syphilis 
and mldelpnto cases Ifec nclude that until this source of erro has been ehtni 
nated the reaction can ha e n d agnostic \alue in onchocerciasis 

HoBciann and \argas state that by u n an ntigeo of Gutietr z they obt med a 
more m ked skm reaction m control 10 wl ite people not infect d with onch cerca 
than they d d with infected nati cs Uo e er \ao Hoof figja) who hasemployed the 
method of complement fi- ti n of Calmette and M tsol s modified by Mathis and 
Labougle with B sic hoi e extract of on hocecca beUe es that the t st is a definitely 
specific one D lloogh (93s) wh ha aHo employe! the 1 tradermal reaction for 
diagnosis concludes that I aregion here sea eral sp ce fhlan areendemc orwhere 
the inhabit nts are almost al rays earner of intesim I parasites the mtradermal reae 
t on loses all alue for d agno is of oncbocercal infection 

ght 8. Murdock fi erso I mmunicaii n o 4 *> *>1 rf rm si n test Ih 
an ant g n prepared f mU il n 1 it whchhadlendr d and emplosed in 
dilui on of 4 0 f jund the react n as n 1 spe fi ! r the d a s s of eho 

cere SIS line apositis react n might I e btained in indiv Jua) ha bo ng testi al 
p rasites and n i neb c ca 

Dll! iniial Dmsnfi 1 Ornaa llEttiiMBS ako Oculaa Di TutBAveas^So far 
no one has reno ed or demonstrated d finitely an adult On lore co parasite m the 
tissues ot the eye though the presence of the ad hvormintbe ye has be ns ggested 
Howe er sev al pa aside nematodes besides Onckoc rt have been encountered in 
connect on with ocular disturbances Of these the m st common is Loa I a and from 
the frequency that Ih s adult worm has been obs rv dinthere ion of the eye ic would 
appea that it has a s( ecial ptrdileci on for that region 

\\ nght (1934) and Fernando (1935) have reported upon the p esence and temov I 
from the antenoi chamb of the eye of an adult Ftl 1 presumed to be ll ucl t eria 
hancrofi Alicat a d Alorrison (ipjfi) noted the presence of an adult D reJUar a 
■n ffl { s in the aqueous humor of the rye of a dog The symptoms observed in con 
nection with the piesc ce of ths p rasite were conjunctivitis increased lacrymal 
discharge and si ght opacity of the corne as e ndenced by the occasio al desire 
of the dog to rub Its eye For the relief of symptoms the nematode was removed and 
was identited by Al C Hall of the P reau of A lenal Industry Washngt n X) C 
S Sund r Bao 11933) has also repotted cases of ocular disturbance with visible filanae 
beneath the bulbar conjunctiva in winch h wever the inf ctmg par ite as not 
id tified 

^ ronha (1931) h s po tel from Indaf ontonasal tumors in a child which were 
1 rst diagnosed a d rmo d cysts showing mflamm lion a d displacin the eyeb U 
upwards Hisse t on of one was I Dowel by the child s death section of the tumor 
showed a coiled F luri co taming emb y ic fo ms It was fi t eponed that the 
I s ns te-embled those of 0 ft r tea a il n Further ludy showed that the para 
sit w s not O af( <1 but D oraacwfirr mtd n si Owe and Hen es ey (1932) 
m Bg nda have tud ed senes of cases in which ther is oedema of the eyel ds often 
accotnp med by Ich ng know’n as bung-eye and one cbaractenzed by ptopto is 
designated as bul -eye In both these conditions where were small yellowish 
nodules about 2 mm m liametc situated n the deeper layers of the conju ctiva 
Ten of the nodul s w ere escised and t boned ABoflhesesho els iefinite^stologic 
picture Tl ere w a a mas ot fi nunat ry tissue r chly uppU d with blood vessels 
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in such fluid frequently they may be found in small sections of the sVm removed bv a 
safety razor blade In fact in a given series the examination of the section of the slun 
may give a higher percentage of positive findings than the examination of puncture fluid 
from the nodules Most favorabl results usually are obtained with skin removed from 
somewhere near the tumor If the turnon ou the scalp the cheek is a favorabl place 
The portion of skm should be transferred to a glass slide and a few drops of normal 
saline solution added and a covcrslip placed over it No teasing of the skm is necessan 
It IS preferable that the sections of the skin should be sufficiently thin so that pra tically 
no blood IS drawn in making the section 

In instances in which no nodules are found detection of the micro 
filariae in sections of the skin or of the conjunctiv ae is the onl> satisfactory 
means we possess for the dia^nosiii of onchocercal infection However 
if no microfilariae are found in tiie skm it does not exclude the diagnosis 
of onchocerciasis since they are sometimes absent m the skin when true 
onchocercal nodules are present In the great majonty of cases whether 
ocular lesions are present or absent the microfilariae may be detected 
in thin section of the bulbar conjunctiva obtained with curved eye scissors 
Diagnosis rna> sometimes be accomplished m an endemic center by the 
microscopical examination of the contents of the gut of a simulmm flj 
immediately after it has fed upon an infected patient Jlicrofilariae 
sometimes may be encountered m the fly often in considerable numbers, 
even when the direct examination of a section of the skin has been nega 
live The fly m feeding apparently cause a concentration of the micro 
filariae at the point of the bite 

In cases with no demonstrable nodules sometimes the presence of 
eosHiophilia 30 pet cent ot more may suggest the diagnosis as was the 
case in a patient w'lth ocular disturbances at the Liverpool School of 
Tropical Medicine m 1938 However eosmophiha may of course occur 
in other forms of filarial infection (s<»e p 1378) 

Nettel (1941) reports that in cases with ocular di turbances periauricular nodules 
are easily over looked that nodules may occur in itiu cles and attached to fascial planes 
or other deep nodules may remain undetected Of 40 cases with blindness periauricular 
nodules were present in all and they are a] t to produce oedema of the face and ear 

Imriune Kcacitoits — attempts to demonstrate any immune reaction in oncLo 
cerciasis have not been very successful Fbe wnter and Bennet tned to ascertain ii 
hyperspnsitiv e reactions could be obtained with an aqueous or alcohohe antigen prepared 
from the adult parasites or from tumors containing the adult parasites and enormous 
numbers of ova and microfilariae Such antigens were employed in performing both an 
mtradermal test as well as the preapitin reaction v ith the serum of cases of onchocerciasis 
in Guatemala Both these reactions wer found to be of practically no value in 
diagnosis aa hile m the majority of instances of onchocercal infection an mtradermal 
reaction was obtained a similar reaction was also frequently obtained m control cases 
with no onchocercal infection and some onchocercal cases gave a negative reaction 
The precipitin reaction was po itiveina fen but negative m many of the cases 

Rodham and Duboi haveperformedtheintradermalte t m 3 cases of onchocerciasis 
in Africa usinj, an anlioen prepared from Onchocer a telfulus and Loa loa or DtrajSarii 
tmmtl s They state that the reaction is evidently a group one Although positive 
reactions vvere obtained in the three onchocercal cas s they did not sho the uniformity 
obtained by them in loa /oa ai D peijlonema infection 

Fulleborn (J93t) also prepared an antigen by drying a nodule excised f om a case of 
onchocerciasis The inoculation of ttus antigen in two ca es with oncho eica nodules 
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^ us Cheilosp rura have hitherto only been reported as parasites betneen the tunics 
o( the guzard of birds in different parts of the noild 

Bsbudien (1937) has reported a case of buinan fifariasis due to FUj io <c juncl at 
Addano i8^s mth a nodule on the left cheek Ifeabo descnbes in detail the paras te 
nhich nas removed and eonside s the 7 other cases of human infection that had 
pteviou ly occurred in ivhicb cystic turn ts of the eyelid eyeball and skin of the nose 
and other locaUties had been reported 

Desportes (1940) has fou d an imm ture adult of Ftla a cohju ict vae and 
classihes it in the genus Dirdfilana He also notes th t the species has been found 
occasionally in cyst hke tumors of the eye nose arms and mesentery in Europe and 
in India The female parasites are ig-ao cm long a td o 5 mm broad The parasite 
IS reported as causing a burniOo or itching sensation and locahzed oedema One male 
D JSariii epcH has been reported from a nodule m the eyelid of a woman m Russia 

Recent Reports op Oiacnosis with the Ophtiialjioscope avd 
Corneal Microscope 

Estrada Torres has found (hat microfibride in the vitreous are most 
easily seen with the electric direct image ophthalmoscope using a +20 
to +40 diopter lens Microhbnae seen with the ophthalmostope by 
transmitted light resemble fine black filaments on a reddish background 
They reminded him of the appearance of mosquito larvae m water The 
microfilariae seen in the anterior chamber with the corneal microscope 
with direct light are white very fine active fibments with golden reQec 
tions Torres points out the simplicit) of the use of the electric opbthal 
jnoscope in diagnosis of the affection and that general practitioners and 
nurses can detect microfilariae with it fie etamined 11 ca«es of oncho 
cerciasis and found the microfilariae in all by ophthalmoscopic ecami 
nation of the vitreous 

Semadeni (1943) has reported upon the histology of the eyes of a Swiss 
geolojiist affected with onchocerciasis which he contracted either in the 
Sudan or in Algeria The condition was diagnosed with a slit lamp corneal 
microscope w hich rev caled about 300 liv ing microfilariae especially in the 
anterior layers of the corneal parenchyma The eyes showed reddening 
around the cornea which were slightly clouded by many inflammatory 
foci with slight panus formation in places on the corneal margin There 
was an eosinophiiia ot 25% The (xitient was given emetine and fouadin 
However he died as the result of a mountaineering accident At the 
autopsy adult onchocerca were not found but sections of the eye confirmed 
the presence of microfilariae m it They were practically everywhere 
where there were lymphatics they were found in the corneal parenchyma 
where there was inflammatory reaction but no cellular infiltration around 
the microfilariae They were also present in the subconjunctival tissue 
in the ins and especially m the ciliary body None were present m the 
choroid vitreous humour retina lens or optic nerve The slit lamp 
micro cope made possible the diagnosis during life 

Graham Scott (1944) has described an ocular syndrome in which i 
oedema of the upper lid 2 proptosis 3 aliarj flush and 4 oedema of the 
optic nerve occurred as unibtcral phenomena in 2 patients with oncho 
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Ifi three ctses the rodutcs eontsined worms tfic /faRinents of tbe parasites oceuprag 
dearly defined spaces w ilhin the areas of nectosw The « hole scries of cases showed s 

high average eosmophilu Embr>08 m ova were oot found in the tissues Ttepossi 
tulity of such a worm belonging to the genus TheU m was suggested by Leiptr Four 
casts of human infestation by Thda is cMpeeda have been reported from China In 
two of these (Stuckey 1917 and Tnmble 1917) the worms were found in the con 
jiinctival sac However tbe latter patient suffered severe symptoms with ectropion 
and eseessive lacnmation Jn the third Case (Howard 1917) they occurred in the 
epithelial crypts of a wart like papiUoma of the lower eyelid which had been present 
(or nianj years In this ease tbe affection had probably resulted from handling a 
parasitued dog some monlbs pnor to tbe removal of the papilloma Leipet (1915) 



and mote recently Faust (lyj?) h«ve demonstrated that tbe human and dog parasites 
in Chun belong to the same species Thtia tu ttihpecde A filth Case has been lepoited 
by Kofoid and tkslLams (1935) from C^iforma (the first m the United States) The 
patient had mild conjunclivstis and 3 -norms 10 to ij tnm in length were removed 
from the eye Kofotd has named this »ew species Tk la i« caf /orniemii 

The cUoical appearance in the cases of bung-eye and bulge-eye evidently 
diSers greatly Itom that observed » the cases of human Tfrfa lo mlection observed 
in China 

Omen and Hennessey state that the question of the aooJogical status of the parasite 
which they found toast rest in abeyance imUl further material has been obtained H 
would appear *1^®* the parasite concMoed is a species of Oncioccrca 

Africa and Gaccia (1936) have repotted w ease with itching and redness of the con 
lunctivs widi lacnmation photophobia and dimness of vision in tbe right eye ^ 
ihasnosjs of chronic caUtthil caojonctivilra and keratitis was later made and the 
* vsj of a small nodule m tbe lower palpebral oonjuneUva was found to cotilaio 
sections of a parasite diagnosed as a speaes of Cialosjurure The nematodes of the 
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ccrcwsjs He pomis out that this svndromc ts not a famiJiar one ic 
f,enera{ ophthalmic practice and he suggests that a Jjmphatic block 
(iircctlj due to imcrofiKruie or indirecll^ due to fdatial totemia as jn 
calabar swellings « in etplanawon of the four s>mp{oms Jfjcrofihme 
were demonstrated /n both cases m the e>e or in the sLin In oniv one 
case w ere onchocerca nmiutes found 


Prognosis — TTitre is Renetal agreemertt in Ihe recent ob asations of Lanimbe 
Hfiffttiinn MwWens and Uissetti with reference to the ocular icsmnj only occurnns 
oslatedistutbarees andonly usually afitc the infection or nodular lesi nshavet^fsisted 
foi some 3 or 6 years or more 

Tlie idea prf\Kjus]> expressed by some tarty otiservers that the removiil of the 
oncbocrrcal cysU resulted lo. ibc di a|i]>e3tance of ocubr dtsturbances anda ictutn to 
n Jrrnal vision has been shown by many recent observations lo be incorrect especially 
through the observations of H illmxnn Muhlens Torroella SiUa Hissetle and the 
writer The removal of the nodules however with the adait forms if there are no 
other concealed aduU parasrles renumm;* rrduces the number of micro/Urwe cir 
culatmg in the tissues of the e>t and may arrest the ocular lesions but if anatomial 
chanjjcs have already Mcurrcd obviovsly removal pf tie nodule may have no pet 
cejUible favorable inQucnce taniml ecillrdaurniiontirfhefscl fhaJ Ole amdwiitwn 
of the ocular ey mpli ms frequently orcurred but sometimes for only 301s d^y* follow mg 
the operation and afltr this period the ocular symploms again bn.ame aggravsted 
ffissette haa observed that thrs lemtiofafy rmprovcmenl in many cases does occur 
anti he suggests ibsJ the lernj wary jm|>ro»ein«nt in the tymtJiomi may bean allrrsic 
response due la the oncbocercal antrgen set free in lar"e amount by rhe Iraumatism 
which results Siam the operatron 

\ number of the early reports in which the reftcisUna of eyesight or *» improve 
ment 0/ vision was believed to haieoecurred Kttmcdnlelj follourng ihe remora} of the 
tumor are perhaps not so diilicult to un^^titatid when oneconstders the low degree of 
intelligence of many of the Indians among which the disease (revails and Ihcir super 
stitious and loipresswnabfe nature 1 spevwHy if the idea weresuggest i to them that 
thCir Vision had been improved by the operalirn they wouM generaliy be inebned m 
agree with such a suggtsfion In Guatcnixfaamongiiianyof the Indians in iheinfecled 
districts there »s # feeling that removal ot the tumor* does improve the ocular condiltons 
/ sfwc«l!y docs there exist the bfbef iJut the luiRor after a time la Jikely to lead to 
ocular disturhances and W blindness IIi's '* one of the reasons nhy the nalivw are 
« ilhng and often eager to hav c the nodules removed an 5 through this orcamstance the 
eradication and control of the disease is made more practicable in Guatemala 

W hetbera Wem secreted by either theadult (laresitesor the microfilariae isresponsi 
hie or to what extent such toxins are respoosibk for the ocular lesions has nrA yet 
been conclusively demonstrat«l "nw ocular lesions pr habfy are mfiuenced by the 
prescitce «nd movements of large numbers of imcrofifanac in the ti sum and the pen 

vascular inliftraiwn may pctha[ srestfltm a »o/»cw hat srrmlar manner as occurs freuv the 

action ol the trytanosomc to the tissues of the central ft rvous SJsifJn in slffpin" 
sickness 

It seems ( robahle that the citcubtory di turbanecs tn the if sacs of the eve may 
predispose to secondary bactemfiofe«rt»OS and «heb occurring in the bulbar con/unc 
tiv s predispose among other patholngical eoadifioRs to j ingueeula and to pterygium 
Itith the renvovaJ of the adult parasites m the lumors dcrmatoIogfcaJ djsturbanrrs 
also apiicar to ba at least sometimes amebontedo/perhar s prevented 

In patienti With large numbers of ooduUa (ovtt o»e liundred for example? the 
prognosis is unfavorable both because su bpotsents are evodepSly frequency exposed to 
teinfcctwP attd because it is tmpracticaWe to reojove ail the podules or to destroy by 
injection the parasites w aH of them as ihe patiwi ' lU not &Vibn)it to the repeated 
SuSenng from such a profooged proeedaw 
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is most important lIo^ve^er protection from the bites of Stntiihiim 
and destruction of these flies are most desirable in all countries where 
the disease prevails In Guatemala the eradication of the Smultum 
concerned m transmission in the endemic areas is ver> difficult for its 
breeding plates are so widel> distributed in practically every flowing 
stream of water in the neighborhood and such streams constitute the 
only water supply of the districts Eradication of the flies through 
attempting to destroy the larvae and pupae in the streams by changing 
the vegetation along the bvnls by cutting and raking weeds on which the 
larvae or pupae are fined and by the removal of logs and stones or the 
scrubbing of them with stiff brushes have all been suggested but these 
are not very practicable preventive measures Oiling of streams par 
ticularly with phinotas oil O Kane has found especially in New Hamp- 
shire to offer a certain measure of value for control of Stmuhim In 
streams or watcrwavs in which fish of value are not present the larvae 
may be rapidly killed and the problem ol concentration of the oil m the 
water does not offer much difficulty Such measures would not be of 
practical value in Guatemala 

IIov«v«r DaRipf (ig4)] thi kscreolin by (be dnppmg method in small streams in 
Mexico IS of value ajainst 5 orA dee 1 thougb nly practicable in the drv season 

Opni ns diSer some hat «s to \bat have been tbe most eflcient and practical 
measures for the eradicati n of (he disease in Central Amen a oftbo sahi b have been 
prosecuted agaiost it d ring (be etieosivectmpai os wa ed in Mexico and Guatemala 
m the past fe^ years K s s ( oa?l Chief of (be hede at Sanitary Rrigade in Mexico 
emphasises this fact 

Loren^na Cb ef of the Sanitary Br adeioch ge of the control of onchocerciasis 
m the State of Chiapas hfeiico from tpjt- 933 empbasiaed the importance of tbe 
measures directed against the Is e of Simul dae a d believea they constitute the 
only efficient method for the control of the disease in Chiapas However great 617 culty 
was met with in carom out socce sful anti larval measures m that country 0 in 
reducing tbe disease materially by Ibem 

Observations made in Guatemala during recent years continue to show 
that the infected individual constitutes an important focus of infection 
and surgical removal of the tumors containing the adult parasites has 
been in vogue for several years m that country as a public health pro 
cedure of importance for the eradication of onchocerciasis The writer 
believes that the surgical removal of the tumors and complete and speedy 
removal of the parasites within them is the procedure of choice How 
ever where surgical removal of a large number of tumors m large groups 
of patients is not practicable and the patient objects to this procedure or 
the number of tumors m the individual is large the injection of the tumors 
with different drugs (or the destruction of the adult parasites has been 
recommended 

In Guatemala where a systeioaiic attempt has been made m sharply<iicumscnt>ed 
areas to eradicate it (berate fi (ectioah sbe nnate iillyl vered Inoneplautation 
Moca whe e the campiign agi n t (be di e s was ngdfy pursued during ipyt upon 
re-exam nati of (he inhal tants n 932 the r te f hum n 1 fectioa was found to be 
greatly reduc d as s also tbe rate f 0y uferti Ifo e er the latter m y have 
been some hat influenced by tbe clim tc factors a that area in 1932 During the 
ne t 4 years when tbe campaign aga sttbe6seas was relaxed the rate of Infection 
rose again lo 935 aaaetivecaEBpaigDwasagUDuodertakeatnGuatenialatlnderthe 
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Tre-tncrL— Tb- tun-rs o- uodsks sSc^ d bs *?rj!jwJ a a!!! is. _^as. 

‘52ce i3i>-nd--l, -inJj isr>^ aJcso lie p_rzE es -sn-bs lies 
^ dc-d cosra xiXC loci iz.«a>ja t. then read* is a <L.tnc* icier* :> 
.= e*sr'-i». e isj^ icti' is jres!E_ Ujcir resoi-sJ car alo j>*nc:.i 
derrsai o* ocil_ cos^iicsuotis- 

y liocrb niiea tb*i. -=_ ed epos the vTsei tie ccs •$ issressN, 
L J* rsTosncsiesce to ihe jvmest bn tb*-^ p*exe~.ce irhes l-<aieis.Vr: 
^oJ2-s tiei .-re tso-e IZke’e to beoosw iss-ra-d juisfcL Uhna ih* 
►.'"c c- ed abosi the he^A sod -ho_2d*''i it ja e#p*a-2v ihns- 
..b e to'eraoneihsaiac-'dcrioanajie-d.sus-ii di*- poobiltv « cccLr 
d-icrb_Dw*. Eves iJ is cen.-.s n-_3c«s» ih* ..dslt purss cs rsir le 
s.sesclo'ed la nod-jcs aa3 refv*t>dsce dcrc-Lji-c is t**!* sft cesdlnaa. 
ttrsora] of i.n.'w aodoea. shotdd at le-- tedoce tb* sr'ert,^ ol the isj'C 
uos tnth n.cro51-n.e. The o’lcraiios- ~re strpV -nd ^>*^n-r3e3 
csder Jocal RoTocaia* -Swt-difcwi. Fron to caj<s aav b* opera ed 
epoa ^ os* dar 

H-rero •«l>e3iii. *ca n »re esnrort t rea ved, lie ttJW)-2ia*eda*c»l*5”^ 
ChA-pys- Jalj"**!-' th* e-ytwv- t t cut i«e» j j a t»ssj3er»iil cs» ibsrtsrjf 
Tier ''ercfleace »»▼ I* i.- » vot ja«cua"*s m tie exs. nee cf *£«5i •Tins ** 
Kaesu.'wal- ei o ta «i35»"ei>i a>3-}» t* *z<at~s rs»T ty is»3e te n tic 
njestoJ ihe=»cr*'-an.eiiicieai»-ry“sst*. e- tie iress^ of tie tKa*^ la. «isei 
i.t -i-e<ies J3 C3»,n-aii k wiJwi »■» Jec ct_3 te S ss£' br:i« w p5 fiisa-J 
«iS4»ses TV »- er »e n its •iswn titi 4r-a cut l« e=*iS-Tri »bd 

c;«t.v«.T detr t ti- ssjcrs— .rue t« *-- e \2s zt tits. »-e un*r esaesj-, *»£.- 
«a iwsKjyiHX T»ni- esau Ju» aiX ed tie aK tjnodJ rSeen. ^"wasfs 
resshsiare hsea erv—ed br as- r6oer»»_ asd KiavaadCSms s**^ 

i« .»( Ktie trcijseit aadcs'eof Peejrs^-a »»»-. t la-eea*® a d"*** he» eeoiM o? 

Ixx£s JohsTiwue ia. ai.a fva a tia f c*£2*2dei.j' vtiessj<so.^Ji*« 
^ h-i s»i t->« a— .» erea yhea t-* d*"** t-yJ as~ei it s- tie do-i of lie d'* 

F mra as4 ^ieli a lave tre* ed trre d *« ofcts-v-Sv Tj.ii fiuds aa3win..Tarat3e. 
Is t*« cf tie tvt.I.vi»-«o-aa»ery f -adatae -.ev itt tieye «*« aa fan-ae »s di' 

Tartar c=jeuc,'»iricc»o-eef««i%y un toaAa sslJujs fja_3. Til3t 

lrj5cJii>et.”S*~arec»“ta— >ri*jsji»lli>tieesi eoc*ot isicra-jrue Jli> 
erieliailitisjcrosfanat sa lieSvivctaaSlicdc^.— •TeJlvdv<«pfih-«edrc-:*iii 
are fi 1 1 n iartit*pajcrt. Rar-i. iio«iU cad lia a-icrietaivalo atdeJes, 
mzj tr.i j-.iaTTT'ai a3-u r a-»-T later* e frS-veTd Iv d.^x'^-yarts'e O' 

tr TfiZenu i-ais tie A.a and be a »2 is tie p 'v^ja c e«aa -1.3. 

\dii2a io_S' has- rrvned * care is Food is tnJb occ!-r lesoss 
rscror.Eme is the cosjoocUva b- enib no deasoS-tyabV cutaacocs 
lesjosi- Is case 51 eras ihoaeht that a cot.*^ of ae«'tJbO'As arte' 
the p-os*ts. 01 tie eve tro..b e iho-gh •ore cjcroalanae «ere vabro- 
ijsMlfn fossd. 

bane ti<j. ^ > doe» nit bciieve that as.-,aDoi\ rptspo-ads. destriv tie 
bnse, b=t ihi=bs that then cai ^o-wutacs crih-e tie sdsll pans t 
asd po.iOS the ova, rradenas n teKrv>* 3 i 3 v < etiJe Memtrovd {10 
believes- tie ocvla. «nisp oss» aie due to tie ns«otlanac s-sce tit 
na'T’cal leraoval of tic adiJu ia 2 s to esect a cu’e is tsann cs>C'- 

ii 3 t aJterspta at de-ec. usauoa b\ smdaated do-es of tlina 
aatisen ci^n b* a c-e-vl sp*ilanesl to the other irttaiEi*at. 

£fg ^f *>.v?. — lad^jicl. jswicbtied.>caseisshajpji cira.nvfcnhtd, 
as IS pans ol Gatenala, the ctadicatioa of tie fa_ana foa td isfecboa 
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IS most impoTlant HowE\ei protection Irom the bites ol Simiihwm 
and destruction of these flies are most desirable in all countries where 
the disease prevails In Guatemala the eradication of the Smuliiim 
concerned m transmission in the endetmc areas is ver> difficult for its 
breeding places are so widely distributed m practically ever> flowing 
stream of water in the neighborhood and such streams constitute the 
onl> water supplj of the districts Eradication of the flies through 
attempting to destroy the larvae and pupae m the streams by changing 
the \ egetation along the banks b> cutting and raking weeds on which the 
larvae or pupae are fired and by the removal of logs and stones or the 
scrubbing of them with stiff brumes have all been suggested but these 
are not very practicable preventive measures Oiling of streams par 
ticularly with phinotas od O kane has found especially in New Hamp 
shire to offer a certain measure of value for control of Simtchum In 
streams or waterwavs in which fish of value are not present the larvae 
may be rapidly killed and the problem of concentration of the oil in the 
water does not offer much difficulty Such measures would not be of 
practical value in Guatemala 

Howevti Damp! (.194}) thinks tnohn by the diipping mttbedie smaU ttieams in 
Mexico I of vstue sgsmst 5 fchraceum tliougb only prscticsble in tbe dry season 

Opinions d Se somenhst a to whst ba e been the most eScient and practical 
measure for tbe erad cat rtof the d sease in Central Aoienca of those which have been 
pr see ted against it during the eiteosive camp igns waged in Mexico and G atemala 
m tbe past few yea s Ro as (loy?) Chief of the Federal Sanitary Brigade n Me eo 
empbasues this f ct 

Lo enaana Chief of the Sanitary Bngade in charge of the control of onchocetciasi 

the St te of Chiapas Menco from emphasised the mporta ce of the 

measures directed against the I ae of Simuludae and believes they c nst tute the 
onlyefiice t method lor the control of the d se se nChiapas However great diffculty 
was net with m ca tyi out aucce sfol anti larval me su es in that country or in 
reduc g the disease maten lly by them 

Observations made in Guatemala during recent years continue to show 
that the infected individual constitutes an important focus of infection 
and surgical removal of the tumors containing the adult parasites has 
been in vogue for several years in that country as a public health pro 
cedure of importance for the eradication of onchocerciasis The writer 
believes that the surgical removal of the tumors and complete and speedy 
removal of the parasites within them is the procedure of choice How 
ever where surgical removal of a large number of tumors in large groups 
of patients is not practicable and the patient objects to this procedure or 
the number of tumors in the individual is large the injection of the tumors 
with different drugs for the destruction of the adult parasites has been 
recommended 

la Guatemala where a systematic attempt has been made m sharply ci cumsenbed 
areasto radic teit thet teofinfecti nhasb njnalenaUylowered In one plantation 
Moca where the camp g against tbe diseas masngidlypu ued during 931 upon 
re examin t on of the inhabitants n 193 the rate of human infection was found to be 
g atly red ced a was also th rate of dy infect n However the latter may have 
been s mewhat mfluenced by tbe cbmat c f ctois in that area in 1932 During the 
next 4 years wh n the campaign against the disase was relaxed the rate of infection 
rose again In 93 S tn active campaign wasagaio undertakenin Guatemala under the 
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Treatment — The tumois or nodoSes should be fcmo\ ed jd all instances 
since mdividuais with such Inmors (unless the parasues nUhin them 
are dead^ constitute foci of infection if the} reside in a district nhere the 
intermediate insect host is present Tlieir removal ma> also prevent 
dermal or ocular complications 

Although when thc} arc situated upon the trunk the tumors ma} cause 
little inconvenience to the jKilieni b> their presence when located about 
joints the} ate more hkelj to become mflamed and painful When the 
tumors are situated about thc head and slmulders it is especial!} advis 
able to remove them, in order to avoid or diminish the possibilit} of ocular 
disturbances Even if in certain instances the adult parasites maj be 
unenclosed in nodules and reproduce microfilariae in this free condition 
removal of «it6le nodules should at least reduce the sr ertl\ of the infec 
tion with microfilariae Thc operations ate simple and easily performed 
under local novocame anaesthesia From 40 to 50 cases maj be operated 
upon in OTIC da> 

tlowevet when the tumors see completely removed the microfilanne do not always 
disappear IfiUonms th« operation t>ut may persist tor a contiderahie time thetetlltr 
Tbeir persistence may be due >n some instances to the existence et adult panntn 
uneocspsulaied or bins in co-nceafed nodules \n attempt ma> he made (0 rid the 
patient of the microfilatuewbtcb may persi>t after the temoval o{ the turnon (or which 
are present in indivtduaU tn which nodules cannot be found) by the use of filsneidi! 
substances The venter (193c) has shown that several drun may be employed which 
effectively destroy the Quaofflime tn titrc Among these are tartar emetic fuadm 
and plasisochiR Tartar emetir has rthibiied (he most fJaricidal effect Succeillul 
results have been reported by \\n-*ht and Underwood and Khare aod Chen (igis end 
tpjd) in the treatment asd eitre ot DireJUam mn (it infectioa in dogs by injections of 
fouadm Johnstone (1936) has also found that fouadin will destroy the tniccofilariatin 
dogs but not the adults even when the drugs used caused iater the death of the dog 
Broun and Sheldon have ttMted five dogs sutCessIullj with fuadm and sulfanilamide 
In two of the five living worms were found at autopsy but there were no larvae in the 
females Tartar emetic wbi£e more effective is mote poisonous than louadin itWe 
both of the drugs ate certainly inimical to the existence of mictofiliTiae it rs sliH doubtful 
whether the microfilariae in the body Can aft be destroyed by doses of these drugs which 
ate not toxic lor the palient Ifarns (1941) found that after removal of nodules treat 
nsent with intravenous antimony sodiam lorfrale was followed by disappearance of 
»BKro/foeiae from the shin aad by a fall tn the proportion ot eosinophils 

Adams (tgjS) bas reported a case tn London with ocuJar Jesrons and 
microfilanae in the coTsjuncti'a but with no demonstrable cutaneous 
lesions In this case it was thought that a course of neostibosati arrested 
the progress of the eje trouble though some rnicrofilartae ncre subsr 
quently found 

Lane (1938) docs not believe that antimonj compounds dcstroj the 
Jarvae but thinks that thej may sometimes stenUee the adult parasite 
and poison the ov a rentienng rt teatpotanlj sterile Alurgatroyd (t95S) 
believes the ocular symptoms aw due to the microfilariae since the 
surgical remax al of the adults fails to effect a cure m manv cases He 
suggests that attempts at desensitizaUoa b> graduated doses of ^aria. 
antigen ma> be a useful supplement to the other treatment 

EntdicatJf® — Jn districts imvhici the disease IS sharply circumscribed 
as in parts of Guatemala the eradication of the human foci of infection 
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in tbe tumor by puncture altbougb more economical and less troublesome to tbe 
patient is much less exact 

In Africa D Hooghe (1935) has recommended o $ to i cc of a $ per cent solution of 
thymol in carbon tetrachloride lie states that the mjections are somewhat painful and 
he does not recommend the method for tumors situated about the cranium which are 
dangerous ones in connection w ith ocular lesions where surgical removal might be more 
certain m its effects 

H ssette has suggested thoroughneedlingof the tumors with a large syringe needle to 
destroy the adult parasites Many of the parasites are undoubtedly wounded or killed 
m this way but the procedure is painful and not alwa]^ certain m producing the desired 
result 

In Africa where the disease in many localities is not sharply circum 
senbed and in those in which the rate of human infection and of fly 
infection is very high the eradication of the breeding places of the fly in 
the endemic regions constitutes by far the most important problem 
Eradication of human infection m such districts w ould be entirely imprac 
ticablc without the elimination of the fl\ 

Blaeklock also has empbasiaed tb s fact lie admits however that tbe breediog 
places of tbe 6y are not easy to attack He enumerates raising tbe level of tbe water of 
streanit tbea'ioweringi.tagsui sctapin^ the channels impeding the rate of Sow m order 
to asphyxiate tbe larvae and putting cbemicaU in the water as measues which have 
been recommended He also suggests as further methods to be Ined tbe clearing out of 
the streams in the dry « eatber and attacking tbe breeding places when the water is low 
He points out that Hissecte advised tbe clearing of tbe ground for gee meters from babt 
tations and thinks that this would have been largely successful in tbe sort of locality 
where he was working lo Sierra Leone where tbe fly bid m tbe tall grass and did not teem 
to come at any long di tance to attack He thought that if that condition bolds 
throughout the yea tbe clea g back of tbe busb and from the villages would result in a 
considerable reduction in the total number of bites 

Chnditions of the spread of the disease vary greatly in diflerent 
locabties It is not believed that clearing of the ground for 500 meters 
from habitations would materially influence the prevalence of the disease 
in Kassende where %ery many of the infections evidently occur outside 
the village m the fields and a^ut the streams 

Gibbms and Loewenthal with a wide experience in the studj of 
Simuhtim m Uganda where as high as 14 per cent of the flies were found 
infected while admitting that suppression of StmufiKm is urgent state 
that It IS futile to attempt this by attacks on their breeding grounds Gib 
bins (1936) has found that in Uganda the adults of this insect Stmulium 
dantnosiim are capable of flying great distances They twice raided 
Kampala though local investigations appeared to have shown that there 
were no breeding places nearer than 45 miles away 

Indeed in some localities in Africa it would appear that satisfactory 
eradication probably can only be accomplished by extensive sanitary 
engineering projects and by the provision of a modern water supply 
for the district Such changes as gradually occur in the building of 
modern residential centers should eventually result in the gradual exter 
mination of the disease By these and similar measures the breeding 
places of the flies will be removed or gradually reduced and the inhabitants 
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liiffctJon >{ III Dili vjlh alic # ^IsttllCp of Dr OcJ 01 gnii Mr Owm $m/ih O5 
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Code (1939) has reported that the eosinophile is the carrier of histamine 
and that histamine is transported in the bod> b> the eosinophile and 
that the presence of histamine in such ccUs ma> partl> erplam the mech 
anism which is present in asthma haj fever and other allergic conditions 
Finally in Dracunculu: infection as Fairley and Liston have found 
in the study of 125 cdses a fen hours preceding the development of the 
local cutaneous lesion indicating the desire of the gravid female parasite 
to perforate the skin and to give birth to the enormous number of embrjos 
with which the uterus is engorged pronounced prodromal systemic 
s> raptoms appear consisting of erythema and urticarial rash with intense 
pruritis nausea vomiting diarrhoea severe dyspnoea giddiness and 
syncope all believed due to toxaemia resulting from activation of the 
female worm In a few hours the local papula vesicular lesion develops 
These systemic symptoms together with an eosmophilia obviously 
simulate those observed in histamine poisomng Moreover they may 
be reheved by the administration of adrenaline Therefore it would 
appear that there is considerable evidence in favor of the idea that eosin 
ophilia m filanasis occurs espeaally in connection with an allergic reaction 

hlyers and Kouwenaar (1939) and Bonne have observed m a number 
of cases swelbng of the superhcial lymphatic glands m filarial infection 
with hypereosinophiha espeaally in the lymphatic glands themselves 
In two of Myers 7 cases there was bronchial asthma and m two ahaemoi 
rhagic nephritis It was suggested that these two symptoms together 
with the eosmophilia may have a common allergic origin brought about 
primarily by the filarial infestation 

Dracontiasis 

Defimtion — Dracontiasis may be defined as an invasion of the con 
nective tissues by Dracunculns medtnentts The adult female parasite 
arriving at the surface of the skin produces a local lesion and systemic 
manifestations espeaally indicated by urticaria Serious septic ccUuhtis 
sometimes follows rupture of the parasite The infection 15 transmitted 
by species of Cyclops 

History — Dracunculus medtnensts also known as the Medina or 
Guinea worm is the oldest known Filana {Ftlaria medina Velsh 1674 
Ftlaria medinensts Linnaeus 1758) in fact it has probably been known 
longer than any other human parasite In early literature it was termed 
the serpent or dragon worm 

It appears to be ttCtijtd to in tie BiUe by Mo es (Cbaptez XXI of Numbtisy as 
the fiery serpents that molested the Israehtes m their sojourn on the shores of the Red 
Se More er \t was suggested that Moses tnitsbt the Isiaebtea bow to nlract the 
worm by wmdin^ it around a p ceof stick Ibe te m D akoni an already occurred in 
the writings of Agatharchides 40BC Pluta ch Galen andLeonides likewise referred 
to this CO dition and it was well recognued by Faulus Aeginus and Avicenna who in 
addition described the method of extraction Figafetta ( 598) also evidently observed 
and ill tiated infecti n w ib ibi pat s te in bis acc uni ol bis voyage through the 
Congo 
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RiU no longer come into intimate contact with and will not be exposed 
to the bite of such fiies Sudi eradication apparently could be accom 
phsbed were the financial cost not considered to be too great to justify it 

EosiNOpnmt ik ritiRiAt. Intectiovs 
E osinoptuUa — The ongm of the eosmophiha which we base noted 
in some forms of filanasis is of interest It is usually present m oncho 
cerciasis and is commonly over 30 percent The reason for this parasitic 
eosmophilia la not accurately known It may also occur in infections 
with Loa loa and less uniformly with Tl uchererta hancrofti also at tunes m 
Dracuncultis infection Likewise U may be present m other neraatodal 
infections patticularij with Antilostoma ditodetiale or TnefitntUa spirahs 
Blackiock points out that eosinophdia seems to be an attempt oa 
the part of the host to neutralize some tovic substance produced fot 
ft'^ample in numerous helminthic infections diseases of the skin and in 
asthma There is some evidence that costnophiha may occur as a pro 
(ectiie action against foreign proteins and it may be produced by the 
injection of many foreign proteins That eosmoplitlia mults from the 
presence of n foreign protein m helminthic infection is suggested by 
the fact that U may be most marked m acme echinococcus infection 
when the hydatid cyst has ruptured or is leaking On the other hand 
when the cyst dies and becomes calcified then the eosmophihs may 
disappear and the Cassoni lest and the coroplimentarj fixation reaction 
becomes negative The repeated injection of a foreign protein causes 
tissue eosmophilia at the sit* of the injection The fact however that 
the eosmophilia occurs especially after repeated injections and after s 
latent period suggests jt is an allergic response 

The cosjftophdia present in Loa loa infection associated with calabar 
swellings which swellings occur in the course of this infection is also 
apparently anaphvlactic in ongm Chandler (1930) by the injection 
of a foreign protein {Dtrofilana antigen) into a patient infected with 
Loa loa was able to obtain a typical calabar swelling FuUcborn (1932) 
finally confirmed this Fairley also {193a) after a further study of skin 
tests in lotasia has concluded that the calabar swellings essentially arise 
from a local anaph y lactoid reaction involv ing the cells of the stib cutaneous 
tissue not pntnanly of the dermis The lesions of the skin referred to m 
onchocerciasis where microfilaria* and tissue eosinophiha arc usually 
present also probably leprescnt in especially susceptible individuals an 
allergic response to foreign protein furnished by eitJier the adult parasite 
Of the microfiJanae The occurrence of eosmophilia id anaphylactic 
attacks of other origin (Tlieobald Smith phenomena) is of course well 
recognized It is also well recognized that the injection of histamm* 
may cause marked constriction of the bronchioles of the lung and gne 
rise to asthmatic attacks and also through its action on the adonomic 
nervous s\ stem may cause a dilation of th* anerials and capillaries Abo 
histamine entenng the blood from the tissues may sometimes cause 
anaphylactic shock 
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through the mouth at the time of parttmtioii and bem^ withdrawn subsequently 
Leiper however believes that the worm discharges its young by prolap e of the uterus 
and that this does not occur through the month but by rupture ju t outs de the cir 
cumoral nng of the papillae that possil^y may represent the vagina 

Until recently httle that was definite had been known about the adult male of the 
human spec es As it bad not been discovered m man it was su gested that it dis 
appeared soon alter impregnating the female A sin le mature male wo m measuring 
40 mm was said to have been obtained from a natuni infection in India while Leiper 
(1906) m Africa fed to a tnonkey Cychfs containin p esumably infective larvae of 
Dracunculus medineni i Six months later Daniels found within it 5 immature worms 
2 males and 3 females These worms were placed in the Museum of the London School 
of Tropical hledicme but apparently no descriptions of them were published 

Fairley performed experiments upon *» monkeys ilataeus sin c which we e fed 
infected but without success 

Brug who mfected Cyclops with the brvae of the guinea worm fed the e to a gibbon 
{Hytabates leuciseus) More than a year later the apparently uninfected gibbon was 
killed and a full grown female Droctsnculus was found in the left calf but no male was 
obtained 

Elucidation of the Lfe history of Draemitutus mfdinensis in man resulted par 
ticularly from successive studies of other speaes of related parasites which infect am 
mals (,l<ktkyonema sp Pk t mttr 4 sp and Drat ntulus fUbaetpk ! 5) In Draeunc lus 
ghho tpk f 4 wh ch infects the snappin turtle (Chatyita se p t ti«) the male parasite 
has been found by Maekm (iqst-zS) It is very small m comparison to the female 
Che largest male measuring mm n length while the largest female was 33 sun 
The females were also from two to three times as th ck as the males The male has two 
spicules Thenghth s the form of a long ar owneedleandwasalwaysfoundextruded 
from the genital cone for mere than one third of us length In the female evidences 
of a vagina and ulva in y ng females was detected and Alackin believes it is probable 
that the vagina and vulva atrophy in fem le wb <b have fully formed young 

Strassen al 0 from a careful study of Pkilamtt {16 p has been able to demon 
itrate in the }oung females a distinct vagi tb ugh very narrow and often detected 
V th difficulty His studies of the fertilized adult female n the other hand showed 
that all traces of the vagina and vulva had d sappeared In young femal specimen 
he was able to demonstrate in sect n a portioo of the spicule of the m le n the vagina 
of the female 

Mootth) and Sweet (1936-38) have finally been successful in infecting 
dogs with the human species The dogs were infected b> feeding them 
mfected Cyclops containing the erabrjos from man The Cyclops were 
first infected with larvae taken from man by spraying newly opened 
guinea worm blisters with ethelchlonde Moorthv m some 30 inocula 
tions was able to infect all sit dogs and in these he found 47 male and 
181 female guinea worms 

The longest female was 53 cm The maiimum length of a male was 4 cm It 
IS n t worthy that no males were found when the infect n h d e ch d th a e of si 
m nth He ce it i believed Chat impreg at on oust take place in the early months 
and that the male zubseque tly di ntegrates The agina of the fem le contai ed a 
mucoid pi g when the female bad reached 24 cm As the le gth of th full grown 
female in human be gs is m the neighborhood of 00 cm it is evident that m the d g 
the females bad n t reached the r full g owth With one do^ 350 d ys after the brst 
infected feed a temperatu e of 04 de 1 ped and a pe sized bb ter appeared above 
the paw of tbe left hind f ot AAbenopeo d and sp ay d with ethyt<hlonde embryos 
app ared Other worms showed them^ves in other portions of the body In some 
of tbe dogs only females were found a d no males 
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Geographic Distribution —Infection is stiU present m Afnca nbere it eruted ui 
ancient times The endemic centers mdade the Nile Valley Arabia both the intmot 
and along the Red Sea coast Uganda central equatorial Afnca the bordeis of Late 
Chad the west coast of Africa from Mauntania to Gabon Tersu Turkestan India 
comprising various foca-lilres on the west coast especially around Dambiy the Ceelrsl 
Province parts of the North<xett Prosina and parts of the Madras Presidency 
particularly to the west of Madura Chopra (spyd) states that lo the eastern half ef 
India it IS comparatively tare or absent Infcctioa has alw been introduced into the 
islands of the Caribbean the Gusanas and according to Campos to a liauted area lo 
south Eraai) Forineriyit ivasaaid tobeendemicwi Curacao Demeiafs Suriaamsnd 
Fiji Brug states there are only two doubtful ladigenous cases that have occuned in 
the East Indies Connell and Buebanaa have reported one case acquired in 
Tanganyika 

In the United States Chitwood (1933) found reports of 10 cases of infectton with 
Z>rac«HfKfi« itedinensis in man Tout of these were either certainly or possibly of 
foreign origin and 6 were enses in which infection with this parasite was more or /ess 
doubtful Nevertheless Chitwood points out that a species of Dracuncnlus oceuinns 
10 the for racoon and sunk in Nebraska Iowa New\ork probably rearisylvama a«d 
Ontario is morphologically identical with iVaeioiCKfiM meJiiteKS 1 and probably is this 
parasite Benbrook has also found jDr4<un<Bf«* wedineirfu in Vhe fo* in the United 
States However owmf to the method of tran mission of the disease and the public 
heatth conditions existing ta the United States man is not Itkefy to become aheiti 
here Draewnculur rntdin^Htts has also been reported at a natural infeebon in dogs 
horses cattle the wolf leopard polecat gibbon and baboon from the old world 

Distributjon la the indigenous areas is very patch) In India for example 
from the hill regions the incidence per tooooo prisoners vanes from 6 m Bengal to 
3 96410 Mysore and Mest Madras G^ne and Low) la the CoUba district of Bombsy 
1 radbas found so per cent of the population suffers annuoby while in parts of the 
Deccan at certain seasons of the year nearly hsW of the popuUtion is aflected ai^ « 
places 00 the west coast of Africa nearly every Negro has one or moTt speoiaens aoeat 
him (hfanson Cxhr tpyS) 

Mma found tbst drscontiasis occuted in about pg per cent of the popubtion of 
Shorapof a town of 15 000 inhabitants ui the southwest part of the Nuam s Donunions 

Description of die Parasite “DrurtfucafBi merfineniij fLmaaeus *758 FtlUhormsi 
medmeftsis Leiper ipsd) » classified in the subfamily DiacuhCUUSaE (Stiles 
family DsAccvctittoAE (Leiper 191*} In Ihw family the females are enormously 

larger than the maiw and the anus and vulva are atrophied in the grand female Is 

the genus D acunculat the parasites have a cepbahe shield and the vuNa is situated 
neat the head 

Theadult female lives m the subcutaneous connective tissue andst times may invade 

deeper iayets It measures on an avenge about t meter in length (75 to teo cm ' 
by only 1 s to i 7 mm in thickness being a thread Uke cybndnc milky or yellow isb 
white nematode It is bluntly rounded at the aotenor extremity and recurved veotrad 
at the caudal end which serves to anchor tt to the tissues The cutituluia is 
The anterior extremity possesses a cuticular (hickeiuos or oval shield The minute 
triangular mouth lies in an oval or quadrate prominence and is surrounded by four 
pairs of papilUe \ pair of lateral cervical papiUae is found just behind the plane 01 
the netve nng only i mm from the anienor end The mouth opens directly into tbs 
narrow oesophagus which merges With the g’andular oesophagus just in front of the 
cervical papillae The latter is contintted into the cylindrical mid intestine which 
empties by a short conical rectal opening trough a very mmute aperture ofKu ''O’ 
difficult or impossible to detect Nearly the whole body of the mature femal® « 
occupied by the uterus which is packed horn end to end with coiled up embryos The 

vagiua hke the anus also is not dtitmguJshaWe and apparently becomes obliterated in 

the mature worm after she haj become laopregoated aad the vulva does not fonciion 
at the birth of the larval microfiiana AcwrdiBg to Loots the uterine tubes open inW 
the posterior part of the oesophagus by a common duct the oesophagus prolapsm? 
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ob4ei\ed.that tUe ktviLeof ZJraeuBcuIjure emhl ihaseclCuculanus elegans a parasite 
of Perea J!unalihs and that the nature of partuntion was similar m the e parasite in 
that the larvae can reach the open only after the bursting of the uterus or body of the 
mother tihich occurs part cularly when contact with water is secured The embryos 
then escape and live for from about three to tea days svimming m the water In 
consequence of this similarity and because tb lar ae of Cueuljniii were known to 
develop in Cyclops Fedschenko (18 o) acting on the advice of LeuckarC introduced 
the larvae of DracuHCulas into water containing Cyclops the larvae of insects etc and 
was able to observe the invasion of the Cyclops by the larvae About the twelfth day 
the parasites moulted and assumed further de elopment They could be observed 
withm the Cyclops until about the fourth seek by which time they had go n to a 
le gth of mm An attempt to infect you g cats and dogs with the larvae bygi mg 
them infected Cyclops in milk or water faded Maoson and also Blanchard confirmed 
Fedschenkos observations of thedevelopnent of the parasite in Cyclop Fedschenko 



thought the parasite in infected Cyclop bored its way through the integument of the 
body He did not observe the pa sa e of the parasites into the mouth of the Cyclops 
However Nybehn has published erpenments which sho that in a closely all ed species 
of the genus Ph lemeira Fihria sanguinea infection certainly does occur per os and not 
through the integument of the Cyclops After ingestion however by the Cyclops the 
parasite promptly bores its way trough the walls of the aUmentary tr ct mto the body 
cavity where its fu ther development occurs Moirthy (193a) in India has also 
confirmed the infection of Cyclops prr os w th Oracuncula mti ns r larvae In the 
body cav ty of tbe Cyclops eedys occurs The entire metamorphosis of the U vae 
may in some instances be completed m iiom ten to Iwel e days 

Nevue-Lemai e li ts the follow gsp c sof Cyrclopsas sat sfactory for the develop 
ment of Dr c cuius C quad comis prassnus rtriii lerri talus si e uus i ci sp d lus 
coronal s UuckatU Faust says there are prol^bly other species concerned also 

Leiper showed that when an infected C-\clops is transferred to o 2 per 
cent solution of hydrochlonc aad m other words an artihcial gastric 
juice It Is immediately killed but the larvae are not destroyed and are 
aroused to greater activity escainng from the Cyclops and swimming 
about freely It was hence conjectured that under natural conditions 
man becomes infected through the ingestion of Cyclops contaimng this 
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The 5 arvae of Dracmtcuhis medtuensts do not circulate in the blood or 
Ijmph in man tbej remain in the bocl> of the parent worm and are on]> 
set free at the time of parturition usually when the bead of the worm is 
brought into contact with water, or when rupture of the worm maj occur 
m extraction In clear water they may remain alive for six dajs, while 
in muddj vvater or moist earth th^ may hve from two to three weeks 
if slowly and parlia{i> desiccated they tnaj not die but may later be 
resuscitated by moisture 

Tie larvae have no boring a{^ratusor means of passing through tissues or even oJ 
enteriQg the integument ol tUeir inletmediate host Cjda^i They are Ehtorm mcaa 
uring s 5 ® to 750;i in length by about X7>« in bffcjdtb and move rapidly a 
aotnewhal tadpole like motiwn The mosemeats are interwittent aometitnes shorl 



FlO 3S3 -~-Fresh Dra<un:Mlui m J n nsu la v e treat d with tie flxaliv wlut on 
A ff a ftHfulns larva that is lust vomx tig ti« oetophagiis O vomited rortioa of tie 
nt re oesophago intestinal r»e>on of the larva (Aft r MoorlJir ) {Cou l*iy J 1 ol 
ttygieiw ) 


spasms pfodDctng a form like the Greek a aHcmauns with brief pauses and straightM 
ing The antenot end is btua tly rounded and the caudal process as Jong and atteniialto 
In fixed speamens it may be seen that the oesophagus is bulbous and the Bud lotestiae 
analpoie nerve nngaod genital pmnordnim may be rocognieed aswelfasapairof anal 
papjUae set into derp pocke Is one w> eiiher side of tie ana) openiBg The cuticulum 
is conspicuously teansvetsely atnated 

TrAtiSitussion — The method of mfcclron of maa is quite different 
from that of the other Filanidae described and there is no insect host 
As the cephalic end of the adult female approaches the human slun a 
papule IS formed m the dctinis which shortly after becomes vesicular 
Shortly after this blister ruptures and it the part comes into contact with 
water (which it is apt to do as the patient often thrusts the part into 
water to relieve the burning sensation in it) the head of the parasite is 
thrust out through the opening of the skin A prolapse of the uterus 
of the parasite then occurs through the ruptured anterior wall of the 
mouth and repeated discharges of motile first stage larvae take place 
into the water 

Tbe Bwnner ol traasmissioo of ibis paraute to own as well as eertain other fesliuM 
of the ii!« cycie was suggested by the study of aBied fpeciei m fisb teucfcirt iao 
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observed tbat the krvae of Z>ra<t<Mii/Mfr(semU« those 0 / C tulaniis elegai s a pa asKe 
of i’erra JluvtaliUs and that the nature of parturition Has iimlar in these parasites in 
that the larvae can reach the open only after the bursting of the uterus or body of the 
mother nhich occurs particularly «hen contact with Hater is secured The enibr>03 
then escape and ii e for from about three b) ten days swimming in the water In 
consequence of this similarity and because the larvae of Ci ulan s were koonn to 
develop in Cyclops Fedschenho (iS o) act ng on the advice of Leuch rt introduced 
the larvae of XlroruHcufus into water containing Cyr/o/s the larvae of insects etc and 
was able to observe the invasion of the Cyclops by the larvae About tbe twelfth day 
the parasites moulted and assumed furtiier development They could be observed 
within the Cyd ps until about the fourth week by wh ch time they had grown to a 
length of I mm An attempt to infect young cats and dogs nth the larvae by giving 
them infected Cy fe^sm zmlk orwater failed Manson and also Blanchard conhrmed 
Fedschenko s observations of the development of the parasite m Cy lops Fed cbenko 



thou ht the parasite m infected Cyclops bored its way through the integument of the 
body lie did not observe tbe passage of tbe parasites into the mouth of tbe Cyclops 
Howe er Nybelin has published eiperunenls I hichshow that in a closely alhed species 
of the genus Fli lomel a F lino s ng iinea infection certainly does occur p r os and not 
through the inte-wiment of the Cyclops Alter ingestion however bylheCjclo?! the 
parasite promptly bores its * y Ibrougb tbe walls of the ahmentary tr ct into the body 
cavity where it further devrlopment occurs Moortby (iqjr) in India has abo 
c n6rm d the infection of C) Ups per os with Dtocunc I s n d nensts larvae In the 
body cavity of tbe Cyclops eedysis occurs The entire melamorphos s of the lar ae 
may in some instances be completed in from ten to twelve days 

Aevue Lemaire h ts the following speaes of Cyclops as satisfactory for the develop 
ment of H c nculus C quad toms prasn s ttrJss semUl s sire us bicusp dalus 
eoTO at s leuc^arli Faust says there are probably other species concerned also 

Leiper showed that whea an infected CycfofJ is transferred to o a pet 
cent solution of hydrochlonc aad in other words an artificial gastric 
juice It IS immediately killed but the larvae are not destroyed and are 
aroused to greater activity escaping from the Cyclops and swimming 
about freely It was hence conjectured that under natural conditions 
man becomes m/ected through the ingestion of Cyclops contaimng this 
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&iaru the gastnc jujce acting on the Cydops and the parasites in the same 
wa> as the h>drochlonc acid m the etpenment 

In otdei Improve tkn X«jper /ed« BaoakeyoabxnaaisconcfilinsC^clafs tthjcfefeai 
been mitcted lor 5 ueet; and whKh cnntauied futl) -developed hrvse Sis months 
later when the monkey died s ^onnsncreloundinitsconnecCive tissues all possessing 
anatomic characleiatics ol Dtatuncuivs Aie/«ie«»r These eTpenratnts were repeated 
an 22 monkeys Voforitr rtnicwj by Faiifcy and CTcn Listoo who failed to confirm this 
work of Leiper irowe».n Bmg has been able to uafect a gibbon by feeding U lo/ected 
Cyclops and to obtain after a year the adult female parasite Fairley and Liston have 
also produced the disease M aaa tn one iRsune« by feeding infected CjcJops a»d 
Moorihy has infected dogs by feeding them infected Cydaps 

The evidence then w&uld appear to be conclusive that man becomes 
infected b> ingesting infected Cydops m dnnking water and that the 
action of the digestive juice causes the larval forms of the parasite to 
free themselves and to later penetrate the walls of probably either the 
stomach or duodenum They then migrate through the tissues where 
the developed male and female worms come to lodge m the subcutaneous 
connective tissue A peraod of ten to fourteen months is required before 
the female worms are mature and are ready to discharge their joung 

WTnle the paucity of male worms has not been entirely explained it 
has been suggested that after the male fertilizes the female it dies and 
disappears However Faust has suggested that it is possible that the 
females do not even require fertilization to produce viable progeny 

CuNtcAL ASP Pathological Features 

The female on attaining maturity travels most commonly toward the 
legs and feet It is said to be in coidoTmaace with her instinct to seek 
water These ate the parts of the human body of natives who wear no 
shoes most Jikelj id tropical countnes to come m contact with puddles 01 
water the medium in which Cydops the intermediary host lives Wan 

soQsaidthat the water carriers in Indiaare subject to guinea worm which 
in their case is prone to appear in the back that is the part of the body 
against which the water skin hes nhen being carried However in 8y to 
90 per cent of the cases the female presents itself in some part of the lower 
CTtremities Occasionally it la observ ed in the scrotum also rarely m the 
arms or other parts of the body Rao observed an adult guinea worm in 
an abscess of the scrotum of a child aged a years 

Riou found in a case in which the adult worm had produced adenitis 
an abscess of the right inguinal gland Upon puncture of the gland 
larvae were found free m large numbers in the aspirated pus Later the 
adult parasite was removed from the ^nd 

Forbes s statistics o5 the point of appcmoce of the head of tbe parasite 
skm give 77 per cent legs 33 per cte( fm p (W cent areas and hands ipfcceatahdosii 
nalwall 4 5 pet cent scrotum 3 5 per cent back and buttocks i pet teat eye and « 

centpenis Aceordifig to FairlO' in Mopetsims who harbored 366 guirua worras tie 
parasiteappearedatibesurfaceof UieskiniaUielegio aiS inthearmsia r5 mtheback 
5B JJ JO the bullocks in S and la the scrotum m 4 Clatac has repotted ose lastaoce 

in which the worm appeared m the tongue tln^t observed one case ol a caieified 
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g inea worm m the orbit and Noronha one casern the region of the e>€S displacing the 
eyeball In the few other instances of reports of infection of the orbit the parasite may 
have referred to a different species 

Symptoms — During the penod of mcubation from lo to 14 months 
during which time the worm reaches the adult stage there are generally 
no apparent symptoms Lane and Low state that in some instances 
there may be indefimte pains m the hmb in which the parasite lies and 
aching sensations may be complained of and a feeling as if there was a 
cord under the skin is also described The onset of the sy mptoms usually 
occurs a few hours previous to or at the time when there are manifesta 
tions of the appearance of the worm near the surface of the skin The 
prodromal symptoms consist of local er\thema sometimes of slight fever 
and other systemic manifestations especially generalized urticaria 
intense Itching nausea vomiting and diarrhoea severe dyspnoea asthma 
like symptoms giddiness and even syncope These symptoms are 
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believed by Fairley and Liston to be due to toxic secretions of the worm 
which are given ofi particularly at about the tune of its parturition and 
which are absorbed in the system of the host These preliminary symp 
toms may resemble histamine poisoning They vary greatly according 
to the susceptibility of the patient The localized lesions usually become 
evident a few hours after the onset of the systemic symptoms but at 
times they are coincident with them Especially when the head of the 
worm comes to the surface or points an itching burning boring or 
dragging sensation is experienced at the spot pressed upon If the 
patient has before harbored a guinea worm that has been removed he 
can usually tell when the worm is coming to the surface A small group 
of papules or a single one usually now become visible and gradually 
in the center of this area the epidermic becomes elevated and a small 
vesicle forms The inflamed area increases somewhat m size during 
24 to 48 hours The irritation produced often causes the patient to 
immerse his foot in water This vesicle and its margin which gradually 
becomes mote indurated may caver an area of ftora mm to 5 01 6 cm 
in diameter Later on the blister if not opened usually ruptures dis 
closing a small erosion and a small perforation large enough to admit an 
ordinary probe is visible Sometimes the head of the worm is seen 
protruding from this opening If this is not so and the opening is douched 




SKACOimASIS 


1386 

with a stream of cold tvater expressed from a sponge m a few seconds s 
drop of soraewhat mdky dmd often exudes and flows o\er the surface 

Sometimes instead 0! this fiuid a small tube whichistheuteruiofthepamiit may 
be projected through the hote m response to tbe stimulus of the cokf water Apparentfy 
in this act the tissues of the head are often raptured When the uterus of the parasite 
has been eitruded about an inch U suddenly fills with an opaque whitish mstenal 
ruptures and Collapses the fluid spreading over tbe surface of the erosion J{* little of 
this fluid 15 placed under the mtcrascope it « seen to contain myriads of Drscuiicului 
larvae and if a drop of water » added to them they may be observed to swan acti'dy 
about If the wound in the patient u again douched with cold * ater after an hour et so 
a fresh supply of larv'se can beobwned and this p^scess can becontiniedfrom ticietu 
lime until the worm has emptaed herself Apparently the cold water applied to the shin 
stimulates thesorm to contract and tbeieby iorce* out bet uterus little by little until it 
IS completely extruded ^ 

The toxic symptoms usually subside upon rupture of the \esicic and 
the appearance of the head of the worm tn the base of the lesions IJow 
ever following this the region around the worm often becotnts estremelj 

painful inflamed and oedemalous and cellulitis due to secondary bac 
terial infectjon may result Some of the Cfdlublts may be due to the 
excretion of toxins by the mature parasite as Fairley and Liston found 
from experimental laboratory inoculation of animals However in their 
study of dj8 human cases they found that all the more serious comphea 
tions arc connected with secondary bacterial infection In 71 per cent 
of the cases the blister had ruptured at the time the patients presented 
themselves for treatment and rn 43 7 per cent septic complications 
were already established Nevertheless they also encountered aseptic 
abscesses which in some mstances they believed were caused by the 
embryos of the parasite 

Botreau Houssel and Huard have likewise described non bacterial 
mflammation around joints and have emphasized the asepuc character 
of the purulent material in a senes of cases of inhcti&a with DraaincuSus 
complicated by synovitis They emphasize the disturbances of the knee 
joint that may occur from the presence near it of Dractincutus Pam 
redness and swelling often occur in the region of an invaded jomt vvith 
later effusion 

Pradhan points out that in India near Bombay in 23 per cent of the 
ca>es of Diacunculos infection a joint b affected {generally the ankle) 
which often leaves a perroanent and crip{fliog condition Jouiue reports 
a case of septic arthnlis of the nght knee joint while the skin was intact 
The joint vvas incised and coco were present in the fluid A month after 
the primary incision a guinea worm presented through the wound having 
presumably been instrumental in introducing the bacteria I^fcr 
ankylosis of the knee joint followed 

\\ hen the worm presents in the low er part of the leg or foot the part 
usually swells more or less and becomes red and tender and walking 
becomes impossible Bauvallet states that in north French Africa 
dracunculosis cripples about 7 per cent of young porters 
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Detper leswtw c*uscd by the parasite and Kcondary infection from staphylococci 
and streptococci n hich sometimes ensue produce conditions such as sloughing of the 
tt^<Jons petio titis neew is of the bone gangrene and general septicaemia from which 
death may result Lane and Lotr report cases o( the worm passing mio the scrotum 
wSt e a fimicuUtis may be set up and if the bacteria) infection is superadded serious 

epididymitis and orchitis with uJbmatc destruction of the testicles may occur They 

point out that if the parasite comes to the surface 10 the orbit the eye mav be destroyed 
or if in the breast a mastit s or mammary abscess may supervene In the instance 
report d by Noronha a baby girl a ed 6 mootbs bad haj for 4 months frontonasal 
tumors on each side the siae of s walnut and shot mg inflammation and displacing the 
4>«h U oitv ati They were first iha nosed as dermoid cysts Dissection of one of 



In sonif* instance? the worm fails to come to the surface and pierce the 
integument or it may die Wore reaching malunty il no sepsis is assoti 
ated It may become absorbed or cakiGed and m some instances be felt 
as a hard cord beneath tbe skm or an abscess may result In other 
instances the cal ified norms may gi\e rt e to sciatica synovitis and 
periostitis 

I>ugncisis — Diagnosis may only be possible vhen the aJull parasite 
presents itself at the surface of the skta In other instances it has ncca 
sionallj been made when on opening abscesses a complete adult parasite 
or portions of one haie been encountered In aspirating an affected 
joint the larval forms aru sometimes found in the 8u^ remo\ed lister 
found in one instance an entire adult parasite contained in a hernial sac 
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Koentgfnograms may b« o! scntcc la detwtsng the location of the pinsites pir 
tic«!atly when they are eflet« oi calcified and their presence in the part jj sugjesteil 
InjecUons of hpiodol or coUirgol into the norm renders it opa^ne and often ill eiact 
position IB the tissues may then be detenmned by subsequent skiagraphy Eosuiophilia 
of varying degree ts usually present » the blood Lane found that 13 per cent was an 
average count However la some instances infection there has heeu no increase in 
the eosinophiies in the Wood 

-Ramsay (rgjs) has empbjetf the lotrademuf test for dtacontiaiis using the satin* 
extract of the para ite He reports that 476 per cent of the persons gave a positive 
reaction However some of the positive reaetiofis occurred in persons who declared 
that they had never been infected with guinea worm Ramsay failed to produce an 
antigen which gave a satisfactory preapilui test 

Prognosis — The prognosis on the whole is good Frequentiy only 
one Dracmjcwftis is prcient and if it w carefully removed there is often 
no further trouble However multiple infections are not uncommon 


(Aftw 
Bauval 

let found that infection wasgeiwally multiple in Africa and in one instance the patient 

had suffered at intervals frooi infeciion with ff of the adult ’ootros Gore who in 
Long observed ii cases which bad contracted the infection m India found that 10 ha 
plural infections 8 worms were removed from One man S whole and 3 broken Cellu 
Iitis and abscessdevelopediB these three Fuffehom says that cases in which fm nomis 
have been pKsent at one time are not very rare 

\\ hen senous sepsis has occaned tberesultsmaynotbesOBOod and when the pan 
sites ate located neat the joints pernunent defonnities often result Pradhaa wBo 
found 10 per cent of the Coloba District of Booibay suffering yearly from guinea worm 
infection found that in 13 pet cent a yowt was affected leaving a permanent and enp 
pkng condition so tbat the economic waste was considerable 

In a number of countries the amount of temporary disabslity caused 
among troops has often been very senous The lesions are aggravated 
by marching and bj the use of the iunbs la many instances ^he rnen 
are incapacitated for miUtary duty until the parasite has discharged her 
larvae and the lesion has healed a process which takes on the average 
about a month 

The danger of reinfection in endemic centers is also oiten great 
Jloorlhy points out that m the Chitaldrug District m Mysore India, of 
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Fairl>>v and LI«tnnft>Ifndl3>ea^mtfe number of woriaa nernecson O 
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1363 sufferers from dracontiasis in one jear 1144 had previouslj been 
infected 

Treatment — As soon as the detection of the guinea worm has been 
made by its appearance at the sttfface of the skin it is ad\ isable either to 
place the patient in bed or to obtain rest for the affected extremity or part 
Much of the disturbance that results is sometimes due to the fact that the 
patient continues to use thehmb which favors swelling and other inflam 
matory changes and hence secondary infection with bacteria 

^Vilen systemic symptoms are present with urticaria pruntis 
dyspnoea and nausea the administration of adrenalin may give relief 

Probably the most successful method of treatment is the one practiced 
in ancient Biblical times modified by our improved knowledge of the 
habits of the parasite and the value of antiseptic treatment If seen 
before it has ruptured the bbster should usually be opened aseptically 
with scissors and any necrotic skin around the opening excised If the 
guinea worm is protected from injury and the part occupied frequently 
douched with water often the uterus will be gradually forced out and 
emptied of embryos Until this process i> completed the worm resists 
extraction and the hook at the end of the tail assists it to maintain its 
hold in the lesion When parturition is completed generally m from 
15 to 20 days the v7orm is often gradually absorbed or tends to emerge 
gpontaneou^y 

During the proeees of pirturiiion of the worm the les on sbouli be covered with a 
iteiilued pad of gauze kept moist with stenle water and covered with protective rubber 
The dressing should preferably be rem ved tw ce daily and cold water dropped on the 
limb above and around the lesion to hasten the discha ge of the )at e As soon as 
the worm protrudes sufficiently from the openin a small piece of s Ik thread should be 
tied to It and the end of the worm fastened by the thread to a small piece of bamboo or 
other wood An attempt should then be made to extract the worm by obtain ng slight 
traction through making a turn or two of the st ck daily Care should be taken not (0 
exert much force or to withdraw the worm too toon as the worm is I able to rupture and 
inflammatory changes and cell litis then generally result It 13 on account of this dan 
ge of rupture of the parasite that some phys cu s have advised abandonment of tb s 
old method of extract on 

li bowevn the extraction is pert rmed slowly the results appear to be more satis 
factoryonthewholethanwitbotherinethodsoftreatment However Moo thy( 94 ) 
who has had experience du mg sna y years in treatme t says that this old method is 
the one which s still employed in most of the villages In many localities there is still 
used the appl cation of cold poultices made from the tender b mboo shoots It has 
been observed that when this poultice IS applied after open g the blister the worm s 
induced! d lodge itself from the t ssues and issue from the skin opening a d liberate 
th larvae in enormous numbers into the poult ce The ad a tage f this method© er 
the application of only a cold pad i supplying the effected part w th ethyl ehlond is 
that the Ube ated larvae are imm dialely killed by the hydrocyanic acid nd another 
t xic prmc pi (ouni to be present m an su]ueous extract of young bamboo shoots 
Bauvallet hohasemploy d the old method in a routine w ay gi s th average dura 
tion of such treatment as twenty three days The 1 ngest time was 73 days and the 
sho test (upon an oprative c se) iidays In th 5 one oper Uve c se — apatientwh 
h d pre ously had 7 pa tes extracted from his le s— the eighth Dracuncvl s pre 
s ted Itself m the sk n o ertbeth raxattheleveloftheeighthrib Theparasit was 
extracted whole th gh a wid 1 oston and camf 1 d ssect on Bauvallet points out 
that this meth d of treatment is not rec mmend d in ge eral and should be appbed 
nly ma ca e where the parasite is well 1 calucdandc Jed about itself This method 
of s rg cal treatment howe er sh rt ed the time of indisposition of the patient to 
0 ly i days 
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A number of aothott have suf^ested sutpcaf dissection of tbe worm Faitlej and 
Liston hate lecowmenrftd that after the parasite has been located by making it procai 
neot and palpable by applicaiioAs of jce tir ethyl chloride tihich usaid to induce con 
tracljoa of its mtiscuialure » crj email tnctnocs are made across and over t&efett ti 
of the worin loops are pulled out nith a strabismus hook cut across and the pieces 
withdrawn through these openi»"s and the anus the latter alter estraction of the 
pieces being disinfected with a r 30 carbobc solution However they advise aelaa! 
evasion of the worm w hen it lies convoluted so a limited space but if this w not the case 
they recommend intermittent traction combioed aith tnafsage 

A number of drugs have been recommAided to destroy the parasite Jlacfie 
Fairley and others hat e employed tojccUons rf tartar emetic intravenously Jeaaseliae 
and Motttpelber novarsenobenrol and Oiaigneau and Tourniet hernias {letsul 
phide of antimony) More recent observations appear to indicate that such methods cf 
ireatoient have little valtte Others have suggested injection of the norm with 
form or cocaine tn order to lull »t Injection of percblonde of mercury directly into the 
worm has vlso been recommended for the purpose of destroying theparasiie or rendering 
It sterile The difhculty of this method lies in lostrimg the point of the needle into the 
body of the norm and even if tbisu done one cannot be sure that thefiuid will penetrate 
theentirefeagtiiof tfie worm Lane and Low state that in their esperience the loetiod 
has not proved successful th« older one of windmc the parasite about a stick hawig 
given better results Vfooriby (jpyy) states that iBjectiona of percblonde solution in a 
strength of] 1000 have been reported to givegood results in partsof India butitbsi 
been dilSeult to persuade the rnajonty of the villagers to adopt this method on lecount 
of the severe iaeaf pain ancf tmtation caused by the drug He recommends uistesd 
mjectioftS o( acrillavia soluttor t tooo which he states is used with success lA certain 
csises This drug appears to have some advantage over other preparations No loCSl 
pam or imtatioti is produced nor does it give nse to any other systemic diitutbaoces 
On the eonlraty it seems w grve immediate rehef to the local iichmess and biimg psra 
so frepuentfy complained of Neither Bauvalltt or \fofstd (ipjj) m:oa«B4»d ffle 
method of injeuiiAg the parasite to destroy it Nevertheless Elliott (194*) believes 
injections of phenothiatine a very sausfactory if the injection la given hot and cate 
fully watched for toeic symptoms 

Moreover Botreau Roussel believes that he has conclusively demonstrated the 
uieffcaey of the various drugs wfiicli have been eiupIojeJ for this purpose He las 
found that by injections of Itpiodol into the body canty of the parasite inseruog the 
hypodermic needle into the extremity b hieh pointsat the skm that excellent radiograms 
showing the location of the « orm may sometimes be obtained (see Fig jsj) 
radiograms show that the worm is prescni in the connective tissue and not in the 
muscles Hudeffer ha* suggested injections of colfargof in order tfust the oorra m*y 
be located by roentgen rays and then dissected out However Botreau Roussel s 
excellent toenlgenograBis of a number of cases show that such a procedure on account 
of the tortuous curve and extensive ramifications of the w orm at least in many instances 
is not advisable 

If celluhcjs has already occurred when the patient comes under observation strict 
test must be enforced and antiseptic fomentations such as lysol or carbolic solution in 
a. strength of r 40 should be freely applied If the cellulitis la severe and sbo''’* • 
tendency to spread incision should be made andtfthmis pus it should be ffcefyevactj 
ated Abscesses which may form in the breast as «eU as m the extremities should 
also be /reefy ofiened 

The condition of the joints may somettmes require surgical treatment BotKau 
Roussel and Hoard have emphasized that asmration of the joint and removal of the 
stenle pus IS in many instances ^f that is required However Lafte and Low stated"* 
in the more serious eases the infection may be such as to require opening and draining 
of the joint aod perhaps even excision 

During convalescence the limb should be used, with care In a few icslancts 
calcified worms may give nse to sciatica and in such instances surgical removal after 
roentgen tay demonstration inay be advwsWe 

For the tieatment of disUessuig prodromal symptoms such as urticaria 
and asthma which may be duo to the absorption of forms from the worm 
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Fairlej and Liston have found that subcutaneous injection of about 
10 minims 0/ a i 1000 solution of adrenabn hydrochloride immediately 
relieves such symptoms 



Prophylaas — Infection occuis only by dnnking water containing 
infected Cychps In India the wells approached by steps are the great 
source of infection and in Africa the ponds in the neighborhood of 
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Prophylactic measures, should uicltide (i) Prevention of the larvae of 
Drjcunailus from reaching the water from wells b> prohibiting the draw 
ingof water from weJfsbj those infected with the parasite and by covering 
of the ksion in which the worm is present bj a surgical dressing and the 
subsequent destruction 0/ the dressing TheneUsand tanhs approached 
by steps and the other sources of water supplv where individuals are 
able to stand in the water when obtaining the drinking supply should be 
abolished as soon as possible and instead artesian wells should be snbsli 
tuted where practicable and these and other wells protidcd with pumps 
rather than w^th buckets for drawing water 

(2) The killing of Cyclops to the wells Leiper found that this might 
be effected in 6 hours m a well containing a thousand gallons by heating 
the water from 15 to 6s®C tvhicfa implies the running into it during 
s« hours of the steam obtained by the vaporization in a boiler of 87 
gallons of water and the consumption of 87 pounds of coal However 
Rogers has pointed out that this treatment would have to be performed 
weekly and that the expense in India at least is prebibitive 

killing of Cyhpi m water has also been recommended by the mtm 
d uction of chemical substances especially such as caustic potash (Alcock) 
permanganate of potash (Turkhud) andhme So per cent CaO (Pradhan) 

Davi 4 found m Ubontory eipenmenis that cau$nc p«i&ih bhachiag powder 
potaiNum pemangsD&u quick lime *nd sUked Lme as n ell as several othet substances 
in a pH of JO or mate was lethal in all cases to the Cyda/s A convenitnt met&od el 
treatsent ot the water was sug.^U<i by addins quick lirae 01 erdiaaty lime m the 
solution 0! t JOoo Pradhift found is practical use that Cydafs Lied for 4 hov” 
potassium per cnanganate soa >ni ooogalleins of water andpointsoutthatsuckvater 
18 undrinkable Lime So per cent CaO in a strength of 1 drachm to the gvUon was 
used by rtmoviBg water from the we)) and returnm» the water with the requisite atnoua* 
of lime diSsoUed in it The water was potable in two dayt The process bad to oc 
repealed every fortnight as tbe Cyclops appeared again alter that period In two vu 
lages in which the wells were *o treated a slight favorable effect was obtained in the 
reduction of the number of jofections of the village whwh used the well Moottby 
has found that perchloton in combinatiOD with copper sulphate seems to give the best 
results »n the destruction of Cyclops However be points out that of all the di^n 
fectanti tried none kill the eggs of the Cyclops as effectively as they destroy adults 
with the result that Cyclops invariably reai^iear la the well within a month or two of 
treatment 

Moorthy and Sweet have suggested for the biologic control 0/ the 
disease the mtraducUon of 8 sb Barbus pucketh The fish are added 
one month after treatment of the water with perchloron This fish 
has been introduced evpenniwifally lato some of the step weBs m India 
Laboratory experiments have shown Uiat this species of fish feeds vora 
ciously not only on Cyclops but afso on the guinea worm larvae Is 
certain endemic centers in India Liston and Turkhud found 37 
of the Cyclops infected 

Pradhan points out that since guiMa worm disease is seasonal la India the great 
mass of infections e>ccurnng between Ptbniary #ad May the use of Ume for the dis 
infection of wells to prevent contaminatioa of the water by acute eases need only be 
carried out during this perwd of the yw 
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(3) For personal proph>laxis obMOUslj boiling and filtering the 
drinking water is efficient for the destruction of the lar\ae and for prevent 
mg the infection As the Cyclops are just visible to the naked e>e 
straining the drinking water through coarse calico such as villagers use 
for clothing has been suggested b> Rogers as the simplest and most 
practical method for them to avoid infection 
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the antenor extrenuty and a ventral SDCker or acetabulum The intestinal tract 
consists of a pharynx proceeding from the oral socker which bifurcates and terminates 
m a bli d intestinal caeca In the ScmsTOSOKATOUiBa the branches reunite to end 
m a SI gle caecum There is no anus Tlie excretory system is bilaterally symmet 
tical and open at the posterior end of the body usually on the dorsal aspect It con 
sists of numerous scattered cilated flame cefU from which minute canahculi an e 
These unite to form a collecting ducts winch jo n posteriorly m the excretory ve icle 
which discharges through the excretory pore 

The reproductive 0 fans are c Irei^y complicated In a few species like the 
human blood flukes the se es are separate but the great majority are bermaphrod tic 
On the male side of the sjstem there are usually J testes wh ch vary greatly in shape 
and position in different farmhes From each a vas efferens arises and these unite 
to f 5rm a vas deferens This discharges at a gen tal pore situ ted usually ventrally 
near the bifurcation of the gut m front of the ventral sucker The terminal part is 
often mod fied to form a muscula copnlatoty organ the cirrus In the female system 
there is a single ovary from which the oviduct arises This gives off a branch which 
ends bhndly m a leceptaculum semuus but nbich may give off a secondary branch 
(Lauier s canal) which opens exlemally on the dorsal surface and 1 beheved to take 
e re of the 0 erflow f m the ovid ct The oviduct proper in which fertilization 
of the ova takes place receives ducta from the yolk glands and the shell gland and 
continues forward as the uterus The uterus discharges the ova at the common genital 
po e The termnal part functions as a vapna at the begionmg of sexual activity 
but after the uterus becomes filled with o a copulation seem impos ible 

C/uii^ation— -Flukes are divided into two subclasses (t) the llonofinta la 
wh ch the egg gives use to a larva which becomes an adult without an intermediate 
host and (s) the ^ gene m wb cb the larva first becomes parasitic in some latermedi 
ate (moUuican) host and there gives nse to subsequent generations of larvae of which 
some final atage develops into adults 10 the vertebrate host either directly or after 
having evol ed fu tber in one or more subsequent intermediate hosts The flukes 
pa asitic in man belong to the latter subclass 

The three important supetfaimbes of flukes parasitic for man are 
1 PAXAUFBisTouotocA— flukes with two tuckers one situated at each extremity 
Tbs mclud s the genera Gat od cm and nalsomat 

j FASCtotorocA— flukes with two suckers one terminal the other posterior to it 
and situated ventrally Tbs family includes the important genera Fosctvla Opts 
Iherchts D ecoelium Fasetettps s Porafontmut CfoHorcAii Htl phyts ftfelogonimur 
and Cchinostoma 

3 ScBisiosouAToniEA — Sukcs m wbch a leaf bke male by an infolding of its 
sides makes a channel for the thread bke feinale The se es are separate not united 
in a he maphroditic worm as they are m the Fascioloidea and Parampbstomoidea 

Key to TH5 lUFORTANT TYeUATODES PARASITIC IV MAN 
Superf mily Fascioloidea Hermaphroditic Eggs Ope culated 
Ge tal pore posterior to acetabulum i 

Ce ital pore antenor to acetabubm 2 

I riuLes minute w th a third (genit 1 ) sucker Ilete ophyes 

Flukes medium in size twosucke eggs m sputum and faece Pa ai ms 

Intestine dendntic Fasciola 

Intestme not dendntic 3 

3 Testes anterior to uterus D cr cocltum 

T stes poste or to uterus 4 

4 Testes br ched r 

Testes 1 b d or e tire 6 

5 Mukes about at 7 cm long eggs rgoji Fasc hpsts 

, about to 2 cm long eggs 3 n Clone cAis 

6 nukes about I cm no n g of sp nes eggs 30*1 Op sliorckts 

I lukes 2 mm DO n g of spine eggs 301. i/rfajon mui 



Chapier XLVII 

DISEASES PRODUCED BY TREMATODES OR 
FLUKES SCHISTOSOMIASIS 


Zoological Co«Ji(i«fahoBJ — Flules are non segmented flat ttorms, 
osualJ} ]eaf Jike jn outline, rarely cylindrical Ttej ace ctaracterued 
b> the possession oi sucters by means of which they attach themselves 
to the skm mucosa or other tissues of their host Uith the eiception 
of the ScnisrosoMATOiDBA all flukes are hermaphroditic and their eggs 



f ic 330 — llluitrtt oa tlu}#ine«iiat'ntitc«l <1 tinctwM belwt q a ves oa a ts«tna 
t de a trematode and one ol the AcanthocephaU Ai Ta nig sat I r Teste 
3 Yoik elands 3 Shell elands 4 Oratws j \agiag 6 \as d feren 7 Uterus 
A Crossse tionof atoe Bt Female r»< r 6«at i tvilvn a Ovary 3 Bulboetoph 
agus 4 Anus Bs Jfafe Cnl ro6 tit t Oesophageal fnITatwn C Fg ciefefsis imi/ 
I Oral sucker a Ac tahulum 3 Olems 4 Cimi pouch 5 Intestines 6 koJlcgUnds 
7 Ovary 8 Shell eland g Teste D i * 3 Worm head and egg o' Sfaerge n 
tho hy» hut hiru*^ naceut 

are operculated (provided with A bd) The only other operculated eggs 
met *vith in human infections are those of the DipaYtiOBOTHSiiHAE of 
the class Cestoda 

J/or^ioZnty— These parasites vaty ta sue troai those just visible to the caked 
eye hke Heler^phyis and VelarenmaJ to laige fleshy spcvtes like Pasaela and Fat 
It The tnosl cbsractenstic extenal atructvres of the flukes are the acetahula 
or suckers Flukes ol tnedicaJ imporlaiice have a suckers whirh except m the P4* 
lyeBiSTOMOaiEA are quite close together an oral sucker surrounding the mouth at 
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provided with eye spots excretory flame cells and secretory cells or eg in the 
sheep hver fluke with a solid organ theproboscis at its anterior extremity It escapes 
from the shell either by rupturing it or by forcing open the operculum 

The eggs of Sch st oma batch soon after the excreta are diluted with water but 
in the case of Opislhorckts and //d rophy s only after ingestion by an appropriate 
molluscan host 

In the case of Schislosama Fasciola Fasctolopsis and Poraionimus the miracidium 
assumes for a short time a free swimming existence but 1 unable to take nourishment 
W ithm about 24 hours it either hnds an appropriate gastropod molluscan host (a s ail) 
or perishes The mollusc thus constitutes the first intermediate host In the case of 
Opisthorchis and JltUropky 5 the o\a hatch only in the oesophagus of the approp late 
s ail after they have been 1 gested in the egg stage If the appropriate mollusc is 
present in the vicinity of the f ee mirac d um it is attracted by the fluid discharged by 
the mollusc and attacks the tentacles of the stttil by means of a lytic substance formed 
by the secretory cells it penetrates into the soft ti sues and makes its way to the lymph 
spaces around the d gestive glands at the inner tip of the shell It then loses its ciliated 
epithelium and m the course of a few days becomes greatly modified becoming a simple 
elongated sacculated form without mouth or other distinguishable external or internal 
structures It is now called a first generation sporocyst The latter enlarges and the 
cells in the sporocyst wall proliferate to form many discrete masses which develop into 
red ae the thud lar al stage The rediae are eventually liberated by rupture of the 
sporocyst and make their way into the liver of (be snail where they undergo further 
development The young ledise are minute but they nay attain a length of 2 tnm 
in the case of the 1 ver fluke They are also elongated sac like structures but are 
ebaraete 1 ed by possessing a s mple bh dalimenurycanaland acollar likeconstiiction 
near the anter or extremity W ithin the body of the rediae for a time a seeo d genera 
tion of young rediae may develop and escape through a birth pore behind the collar 
Eventually there develop 1 ithio the body of the red ae numerous certoriiie the fourth 
larval stage These are minute worms resembling the adults in having a leaf like body 
provided with two suckers and a bifurcated intestinal canal shaped Lke a two tined 
fork They d Ser in having a lo g slender tail wb ch in the Schisiosouatoidea is 
forked The visceral mas of the tna 1 in (be course of a few weeks becomes densely 
packed with these larvae which are continually discharged throughout the hfe of the 
s all Faust (1934) wotkingiithf mansootiaf ertoRico foundthatas al nfected 
with a single miraad um might libe ate 100000 to ago 000 cercaiiae 

The ceicanae leave the mollusc and twicn about m the water In the case of the 
liver fluke they lose their tails crawl up blades of grass and become encysted or encyst 
on the water Here they remain unt I (be grass is eaten or the water is drunk by a sheep 
or other suitable definitive host Inthecaseof (beschistosoraesthe free Uvingcercanae 
penetrate the unbrokenskiaor bnccal mucous membraues and after am gration through 
the blood stream come to rest in the portal system where the parasites reach matunty 
However the majority of the hermaphroditic trematodes make use of a second inter 
med ate host m which they encyst Thus Fate afo encysts on vegetation in aquatic 
situations Echi oslama encysts in a second molluscan h st Cl norckis Opt Iho ch 
and Ilele ophy s encyst in the ti sues of fresh or salt water fishes wh le Pa agon mus 
encysts in the soft t s ues of crabs and crayfi hes No mult phcation of the paras te 
occurs m this host which serves mamly to protect and transport the paras te The 
cercanae after entering such a host lose the r ta I penetrate int the tissues and 
encyst but they may unde go fu Iher growth and development into metacercariae 
as in Paragon lus The parasite then 1 es dormant until the host is eaten by a suitable 
definitive host Consumption of the e second intermediate hosts e ther raw or made 
quately cooked oSets a means ol inlection It* definitive host as man 

Whether the multiplicative process of the trematode uithia the 
mollusc IS asexual or bisexual is disputed (Stunkard 19^6) 

Mollusc Hosts — In those trematode infections of man of which we 
know the life historj some speaes of mollusc serves as an intermediate 
host The phylum Mollitsca includes unsegmented animals usually 
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SuperfainiJy SonsTOSOHATOTBE* Sew Sepsnte Eggs Not Opereobfed 
Cggs JSOM terminal spine in urine (rarely faeces) Sclnstosoma iatmcUbium 

Eggs 150^1 lateral spine in faeces (rarel) unne) 5 viansom 

Eggs 90M minute lateral knob in faeces 5 japomcum 


CLASSjnCATIOV 

Class Trematoda 

Superfamily 
Paramphistomoidea 


r JHS PiATSHEllfJNTUES (FlAT MOSlfS) 


Family 

Gastrodiscidae 


Genus 

‘Species 

Castrodiscus 

C bominis 

le Watsonius 

W uatsoni 

(Fasciola 

F hepatica 

{ Fasciolopsis 

r buskl 

( 

(P ringeri 

Jraragommus 

<P westermani 

) 

( P compactus 

'•Troglolrema 

T salmmcola 

I Cchinostoma 

E ilocanum 

(Opisthorchis 

0 felineui 

jCtonorcfiis 

C sinensis 

llfelcropbyes 

II hettrophyes 

{Metagonimus 

M >okogawai 


( Opisthofchiidae 
IIeteropb>idae 
Dictocoeliidae 

Scbistosomaloidea Scbistosomatidae Scbistosoma 


Dothnocephaloidea DipMobothtiidae 

Davaintidae Davainea 

Dip}'lidiidae Dipylidium 

l()inenolepididae Ilymcnolepts 
^Echinococcus 

Taeniidae 


Taenioidea 


D lanceatum 
S haematobium 
S japomcum 
iS mansoni 
.S intercalatum 

D latum 
D grandis 
D madagascariensis 
D caninum 
|H diminuta 
|H Dana 
E granulosus 
T solium 
T sapnata 
S studen 


jTaema 

^Anoplocephalidae \BecUeHa 

Note — Tuo lanal Tatfiiidoe arc found tn wo« {CysUcercHs ccUulosat oniEchno 
cns ffoniilosus) also lug lanal Drphyllobethtudae {Spafgauvai mansoNi and Sparganvvi 
prohfcTum) 


Life Cyle — In the process of development from ovum to adult fluke the organism 
passes usually through four lar\al stages Ilomever there are only i in the SciUSTO 
sosfATOiDEA The Ota are laid in the luimna of the hosts organs or m the tissues 
Cl here the adult norms li>e arid directly or indirectly they reach the ectenor fn the 

cut oi Fasciola Fasciolopsts CI0 orchis Ueleraphyes Schstesoma mansoni and Schslo 
soma japomcum this is accomplished la the faeces vihile Scl isloson a hemalobiam is 
usually eliminated in the urine and Paraptnimui in the sputum The eggs passed 
in the faeces are composite 1 e the ovum proper is surrounded by yolk cells necessary 
for Its nutntion during development In some species segmentation « iiel! advanced 
when the eggs are passed In others it does not begin until the eggs reach water and 
then if the temperature is favorable aud ocygen abundant segmentation occurs 
This results after 3 to 6 weeks in the development of the fully embryonated egg which 
encloses the first stage larva or miractdmm The miracidium is a minute ovoid 
cibated embryo without an ahmeoUry canal and with only a primitive body space hut 
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provided with eye spots ejcretory Same cdls and secretory cells or es in the 
sheep liver flute with a solid organ Iheproboscts alrtsantenotextreimiy Itescapes 
trom the shell either by nipturing it or by forcing open the operculum 

The e|0 ol 5 c/ii losoma hatch soon alter the excreta are diluted with water but 
In the case ol Ojuilliorc'ii* and II Itropiies only alter ingestion hy an appropriate 
TQoIIuscaa host 

In the case o( Sch lesma fasciefo FaKtolapsu and i’ercgontotii; the miracidum 
ass itnes lor a short time a Iree swimming existence hut is unable to tihe noun hmenl 
Wilhm about 14 hours it either finds an appropriate gastropod molluscan host (a snail) 
or perishes The mollusc thus constitutes the first intermediate host In the case ol 
Opulliorclijj and i/«J« ephyts the ova hatch only in the oesophagus of the appropriate 
snail alter they have been ingested m the egg stage 11 the appropriate motlu'c is 
present m tb vicinity of the free nirac d urn it is attracted by the fluid discharged by 
the mollusc and attacVs the tentacles of the nail by means of a lytic substance formed 
by the secretory cells it penetrates into the soft tissues and maVes its w ay to the lymph 
spaces around the digesUteglandsaitbeiiiDtrtipof the shell It then loses its cibated 
epilbehum and m the course of a few days becomes greatly modified becoming a simple 
elongated sacculated foim without mouth or othet di tnguishabAo external or tntertial 
structures It is non called a first generation sporocyst 1 be Utter enlarges and the 
cells in the sporocyst wall p olifetaie to form many discrete mas et which develop into 
Tediae the third larval stag The rediae are eventually liberated by rupture of the 
sporocyst and mahe their way into the bver of the snail where they undergo further 
development The young redue are minute but they rosy attain a length of a mm 
in the case ol the l< et fluhe They are also eiongoted sui like strucEure* but are 
cbaractented by possessing a sin plebbndal meniary canal and a eollai like constriction 
neat the anterior extremity Witbm the body of the lediae lor a time a second genera 
tion of young rediae m y develop and escai e through a b tlh p >re behind the collar 
Eventually there develop within the body of the rediae numeioui ccrcortue the loutth 
larval stage These are mmuie worms resemhl ng the adults m having a leal like body 
provided with two suckers and a bifurcated intestinal canal shaped like a two lined 
fork They differ in having a long slender ta I which m the ScnisTosoMATOiDea is 
forked The visceral mass of the snail 10 the course ol a lew we*ks be ones densely 
packed with these I tvae which are continually daxbarged thioughout the Ufe of the 
snail Faust (1034) wockmgwithS nenton inFuectoRico found that a snail nfected 
with a single miracidiuni might Ubetaie too 000 to sgo 000 cercanae 

The cercanae leave the mollusc and swim about in the water In the case of the 
liver fluke they lose their tails crawl up blades ot grass and become encysted or encyst 
on the water Here they remain nnt I the grass is eaten or the water is drunk by a sheep 
or other suitable denmtive host Iniheraseof tbesch tosomes the Iree living cercanae 
penetrate the unbroken skin or buccal mucous membranes and after a rn gration through 
the blood strearri come to test in the poMal system where the parasites reach maturity 
However the majority of the hermaphroditic ttematodes make use of a second inter 
mediate ho t 1 1 which ihev encyst Thus rorcieto encysts on v g lation in aquatic 
situations Ee/iinaslom<i encysts in a second moKu can host Cla orchis Opislhorchis 
and lltlCTopkyes en yst in ihe tissues of fresh or salt water fishes wb le Purag u laus 
encysts in the s It tissues ol crabs and nayfishes No mulliphcaiion of the paras te 
occurs m this host which serves mainly to protect and transport the parasite The 
cercanae after enter ng such a host lose theu tails penetrate into the t)s ues and 
encyst but they mav undergo iurlher growth and devtlopoieoi jot<j met c« cane 
as in Ps rjgonimiii The paras te then lies dormant until the host is eaten by a suitable 
definm e host Consumption of tie e second mt rmediate hosts either rawer made 
quatety cooked offers a meansof irfection tor a definitive ho t as man 

Whether the muUiplicaltve process o! the trematode within the 
mollusc is asexual ot bisexual » di puted (StunLard 19^6) 

Mollusc Hosts those treniatode tntections of man of which we 
know the life history some species ol mollusc senes as an inlermediate 
host The phylum Mollnsca includes unsegmented animals usually 
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Supertamily ScniSTOSOiiATOTDE% Sexes Separate Eggs Not Operculated 
Eggs i5o>i terminal fpioe >D urwe (rare!/ faeces) Schshsoma hitmMium 

Eggs ison lateral spine m faeces (rarely unne) 5 viansoni 

Eggs pop minute lateral Lnob in faeces 5 jjpumcum 


Supertamily Family 

Paramphistomoidea j GtiUodiscidit: 

l ParamphistoiiiKlae 


( Opistborchiidae 
fret«roph>i(fae 
Dicrocoehidae 


Cenus 

Species 

Gastrodiscus 

G hominis 

Watsonius 

M watsoni 

< Fasciola 

F hepalica 

[FaKiolopsis 

r buski 

( 

f P riDgen 

fraragommus 

<P westermani 

1 

f P compactui 

^Troglotrema 

T satmmcola 

Ecbinostoma 

E ilocanum 

Opisthorchis 

0 felineus 

Clonorchis 

C smensis 

neleroph>es 

If heterephyes 

Metagommus 

M jokogawsi 


ScbistDSomatoidea Scbistosomatidae Schistosoma 


Class Cesteda 


D lanceatum 
'5 baematolium 
;apomcuni 
>S mansoni 
.S intercalatum 


„ ... . . (Diphvllebethnum D latum 

Davainea 


Davaineidae 

Dipylidudae 


Dip>bdium 

II)rDenolepis 

/Fchinococcus 


D madagascarientis 
D camnum 
II diminuta 


III r 


'Anoploccpbalidae 
—Ttio lartal Ta<«i dae are found 


! Fchinococcus 

Taenia < ' 

ReitieQa { 


E granulosus 
T sohum 
T sagioata 
n studeri 


CHS £ranitlo3Us) a(so I 
preliferiim) 


K (Cyslieercnt celtulosae and Echinococ 


0 larval DtfkyHobotiriidae (^^argoniim mawron; o«if Sparganum 


Ltfe Cjf/c — In the process of development from ovum to adult fluke the organism 
passes usually through four larval stages Ifo«e>er there are only 3 m the Semsro 
SOVATOIOEA The ova are laid in the luimna of the hosts organs or in the tissues 
where the adult worms live and directly or indirectly they reach the exterior In the 
case of FoJCffl/o Fasciolopsa Clottorcltis Ueterophitt SchiitasonamamomavidSchtilo 

iotna japomcuni this is accomplished sia the faeces 1 hile Seiis/oroma hemalohum w 
usuaEy eliminated in the urine and J’tfragonimHt in the sputum The eggs passed 
in the faeces are composite 1 e the ovum proper is surrounded by yolk cells necessary 
for Its nutrition during development In some speucs segmentation is well advanced 
tt hen the eggs are passed In others it docs not begin until the eggs reach w ater and 
then if the temperature »s favorable and oxygen abundant segmentation occurs 
This results after 3 to 6 weeks in the development of the fully embryonated egg which 
encloses the first stage larva or miracidium The miraeid um is a minute ovoid 
Ciliated embrjo without an aUmentaiy canal and with only a primitive body space but 
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BuUnus the prmapal host of S Aaemofot «» has a short spire with a pointed apex 
and a smistral opening It is found in canals and ponds The shell of Phvsopsis is 
similar 

Oncomelama {with ribbed shells) and K lajama {oz Blinfordta) (with smooth shells) 
the hosts of S japonuum have slender tapermg shells s to 12 mm long with many 
whorl and a pointed apei There 1 a coarse ndge on the external surface of the sharp 
outer lip They are amphibious and opercolated 

Experimental infection of snail by mitaadia show that these tend to avoid unsuit 
able hosts and attack only certain hosts Many miracid a however attack snails 
which are not effiaent hosts and undergo partial development Various species of a 
genus (but not all) may act as hosts Mollusc hosts ate n t so restricted m their range 
of parasite or the flukes so restncled in their range of hosts as they were formerly 
thought to be 

Schistosomiasis Produced by the Human Schistosomes or 
Blood Flukes 

The most important of the flukes which are parasitic m man are those 
which are found in the blood vessels Such infections are exceedingly 
common in Egypt and m certain areas id the Orient and occur in many 
parts of tropical Africa and South America The disease is commonly 
called schistosomiasis since the human parasites all belong to a common 
genus 5 'rAM/oioma Weinman (185S) 

Morphology —The schistosomes differ from other flukes in many 
respects They are dioecious (sexes separate) instead of hermaphroditic 
There is no pharynx The gut branches reunite to form a single caecum 
The eggs do not have an operculum In the larval stages asexual multipli 
cation occurs only in the sporoc>st stage no rediae being formed The 
cercanae have forked tails but no pharynx Tbe> penetrate the unbroken 
skm or mucous membranes by means of a I>tic substance secreted by the 
single celled cephalic glands and do not require a second intermediate 
host 

The males aie from about 10 min to 20 mm long Tbe anterior flfth of the body is 
cyl dncal but the posterior four fifths is flattened and this The margins however 
are infolded ventrally to form the gynaecophonc canal in which the female is enclosed 
during copul t n or aft r sexual matunty is reached Tbe small testes are grouped 
just behind th ventral sucker Tbefemaleis boutaotoshmm long filariform and 
darker in color th the m le Both rxUemities project from the canal of the male 
which she I es The ovary lies ntenor to the union of the gut branches 
Life II si y — The flukes li e in tbe portal vein and its branches From the study 
of human infect ons and the more recent observat ons of Fai ley on hving monkeys 
infected » th 5 A ilaUum the paired worms travel against the blood stream into 
the finer b a ches of the me e tenc or pelvic veins Tbe female leaves the male nd 
penetrates as far as p ss ble into tbe ve ules g e tijr tlistecdi g th m As she with 
draws she dep s ts the ova one at a time with the spine pointing backwards The 
elastic veins c nt act down bout the ova and the force 0! the blood stream tends to 
force tbe sp e through the vessel wall Tbe a cause a local inflammatory reaction 
and finally ul erition so that many of th lo r ach the lumen 0' the bladder or rectum 
and then are pissed in the unne or faeces Hie eggs contain a developed miracidiura 
wh n passed On eaching wat r the shell quickly rupture probably as a result of 
h gh osmotic pressure in the egg The nnr odium escapes and seeks a suitable inter 
mediate host a speacs of snail Tbe eggs die m a few days m undiluted f eces or un e 
As compared with other flukes schistosomes produce reUt vely few eggs 
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contained m a calcareous shell and made up o{ Visceral inass head mantle 
and foot The mollusc hosts of trematodes belong to the class Gastro 
poda which are known as snails and usually hav e a spirally coiled shell a 
distinct head and a broad flat foot The molluscs concerned in trans 
muting flukes have a foot flattened ventralK and are creeping forms 
(Platypoda) Gastropods with a fin shaped foot are free swimming 
forms (Heteropoda) 



.lOHUUMCnRSt 
in n I LI I i l 

Fig 331 —Mollusc hosts of human trematodes 1-3 Stgm li a 4-6 Hipptulu 
^-g Plano b tbotjiy Potie and M cbaud 10 it f nttonlo ins is halaya’nan sopnora 
Robson 12 iltlania I bt itna Gould (By Courtesy of Paul Bartsch ) 

The following are the mote important (lutces of man with some of the genera of 
mollusc hosts which ha> e been demonstrated or suspected . 

There is still much differente of opinion and confusion as to ih nomenclature 01 
these snails F hefaUea — Lytn laea Imncalulit F busks — iejmen/irto and Fhinofbis 
(flippeulu') Paracantinus — Jlfilaaia (sjid Pamalsopsts in Michigan) 0 fel nta^ 
Dreissena C stninsit — Pylkitna tnd F rajessa uliir It yotafa^ai— ifr/ca'a D fa^ce 
alum — Zebnna S hatmatoitum — Bultnus (chiefly) Physopsis Lymnata Plarunbts 
pfetffcTi S maniani — Planarbis (chiefly) Pkysafisss Bultnus S japomcum — Oncome 
lama Kalayama (Blanfardia) md Scksslosamoplara 

Lymnaea host of F hepal ca is a common snail of ponds It has a dehcate fragile 
elongated shell with a pointed spire and a dextial opening j h il 

Mtlania the host of Paragonimar an opercutated aquatic snail has a turreted shell 
with an acute apex u 1, i, 11 

Planorhs the principal host of 5 smummi abo aquatic has a rather thick sneii 
rolled in a flat spiral The spire of the shell is in one plane The shells of Setmenhia 
(the host of F b»skt) and of Ilippeutii have a similar shape 
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lh< portal vein to the liver and in smaller numbers to other organs including the 
kidneys lungs and brain In sudi locaUons particularly the damage is manifestly 
cumulative and not rarely leads eventually to a fatal portal cirrhosi As suitable 
treatment with ant m ny may till the adult parasites and destroy the ova it is evident 
that early diagnos s is of importance to the patient 

Three species are of great patht^emc importance in man Schislosonia 
haematobium which causesvesicularschistosomiasis Schistosoma mansom 
which causes intestinal schistosomiasis and Egyptian splenomegaly and 
Schistosoma japonicum which causes intestinal and hepatic schisto 
somiasis However at least 3 other species have been reported as rare 
or potential human parasites 

I Genito urmary Schistosomiasis Due to Schistosoma Haematobium 
Synonyms — Bilharzia disease bilharziosis endemic haematuria 
Defimtion — ^ chronic disease due to invasion by the parasite Schisto 
soma haematobium of the pelvic veins particularly the vesiculo prostatic 



Fig 333— V 5 Ih d t fe t n o ch stos m a (Aft r Full b n) F re pi n t 
of deta 1 a add t a F g 334 

and the pubic and uterine plexuses The ova of the parasite which 
become deposited m the mucous membrane of the bladder and are fre 
quently passed in the unne give nse to haematuna cystitis urinary 
calculi and other genito unnaiy disturbances \Vhen the ova are 
deposited in the walls of the rectum mucosanguinous discharges may 
result which aUo contain ova 

History — The Egyptians have undoubtedly suffered from this disease 
since very ancient times and the history of it in that country extends 
over thousands of years Ruffer (1910) in the histological study of 
certain mummies of the oth dynasty (1*50-1000 BC) found m the 
kidneys bilharzia ova situated for the most part among the straight 
tubules 
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/n/«fftfrt If usually acjutred by v«<IiD£ or liathtn? m infected vater into whdi tie 
cercarise of the ha^e be«i di tlwr^ed from the infected snails The 

cercanae come m contact with the aUn and as the water evspowtes they enter the 
skiB for protection casting off lh«r tails Penetration of the shin of man hj the 
cetcanae may give nse toiAintenseptunttisanderythema called in Japan habuie 
or in Puerto Rico piquina The parasites (t> too to o too mm Jong) barrow into 
a sessel are earned by the blood stream to the longs and male tbtir way to tbehver 



Fig jjj — Sthtstotatna jafeK cbm (nial and female) Tb sh rp edges of the 

bordersattheb g nmngc^thegyn cophonccanaltormedbytheiBalearesoaecidentsl 

appearance (Prom hfense ) 

and portal veins About s month after the para ites enter the body there is often a 
period of fever associated nilb urlicanaJervptions frequently cough abdonwnai pain 
»ftd a leulcocytosis with a mathed eosiiM^duha 

The period required for the developments the characteristic forsf fntnKi about the 
ova vanes from 6 to 8 weeks to a years or n»M These lesions are dependent on tie 
reaction of the tissues to the irntaiwn caused by the eggs of the parasites They differ 
m detail u ith fie specie# of pjcrastie coaettmeA They involve pnmnly the wall of 
the bladder or colon in «hid» most of the eggs may be deposited 'laoy 
eggs however are washed out of thevemsm whichtheywere deposited and earned by 
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This observation was coafinned by loos and the wnter shortly afterwards tad lie 
opportunity to obtain and study atidi lustrfosicaJ materwl w Egypt It w tnterestm 
m this connection that the papyrus K>«s contained a prescription which has been 
thought to have been for the treainent ot one of the most prominent symptoms of 
infection with bilharzia nameJy haematuna Sandwatb in his ifnitcof Dismim ik 
(1505) states that in Napofton s campaigns m Egypt (1799-1801) the French 
troops suffered severely from baematuna 

The parasite responsiWe for the disease was discovered by Bilbars 
(i8sx) in the mesenteric veins of a native of Cairo and he shortly after 
demonstrated the parasite to be Ihe cause of hacmatuna in the natives 
who were discharging the terminal spmed eggs produced by the parasite 
in their urine Cobbold named the parasite in honor of its discoverer 
Bilharzia creating the generic name However the name Sihistosom 
had been applied by U'einhnd 3 months carher, in 1858 and thus had 
scientific priority Nevertheless the term Biiharzia has been emplojed 
for many years m Egypt and, indeed is still the popular term applied 
to both the parasite and the disease m that country Wanson Bahr 
(1940) still retains it and alludes to the genus Bilhar m (Dfeciel 

Altbough Harley who found th«p»n»it« mSouthAfneam 1864 and also CobboW 
believed some moUusc served as (he iirtermedute host ead that the portal of entry for 
the infective stage was probably the stun Loou nho studied the auestioo {ran 1S94 to 
tgt* faded to discover tbe life ^te and concluded there n as no intraiRoUusun 
cycle 

Tbe discovery of lateral spmed tggt usually in tbe faeces in contrast to tbe terminal 
eptned ones encountered in the unne suggested so hfansos i8oj that there Bifht he 
a species of human StkuhsoMt in Efypi and Ssabon (ibo?) dfsijnated th« bypo 
tbetical apeeies with lateral spmed eggs as SehtiUitma nanstnt- Ho e er definite 
proof of the eaistence f a separate specie* «** not given until Leiper lotg-t* fr®“ 
further studies of the life history sboned that there were a distinct species one typically 
uttiittml wilb Utenl tpined eggi and one ty-piaVy vesicular with terminal ipjaed r^ 
that these specie* were morphologtcsUy distinguishable and that they required a dii 
ferenl molluscan intermediate host 

Miyagawa bfiyairi aod Sutuhi had prcYiously (ipiy*!*) demonstrated in toe 
allied inftclion produced by Sck>th$oma ^iiponKx’o the complete life cycle of that 
parasjlf drscnbjng tbe intramoUoscan stage andshmsing that infection was acquired 
by the cutaneous route This work wbieb was studied by Leipet m Japan provioeo 
a basis for bis later work on the bkxrd fluke* m Egypt 

VfcDonougb m 1018 advocated (he use of tartar emetic as a specific la the treat 
tnent of vesicular Khistoaomiasis and the value of this drug on * large s^*lt 
demonstrated by Chnstopbeison tn (be same year 

GeograpbtcDistnbution — ITiediscasc produced by Schtsiesoma harm 
tohttm has a wide disfnbufjon m Africa, laduding fbe Sudan Ethiopia 
Uganda the Congo and Rhtxlcsia It is common throughout the Union, 
of South Africa, especiaJly so Natal It is also found in West Africa 
especially Libena and Sierra Leone In North Africa it is common m 
Morocco Algeria Tunis and Egypt Along the East Coast it extends 
from Ethiopia to the Cape 

It also occurs in westeiTJ Asm Arabia parts id Palestine Iran Iraq and in the lower 
edge of Portugal near Tsbiera in Greece m the Island of Cyprus and it is abo found 
in the islands of tbe east coast of Afncn htadxgasear Maunlms nnd Reunion A few 
indigenous cases were reported over 30 years «go from western Australia (Mansoa Pair 
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1940) 1 wo C4ses were also reported from Anstnlia following the return of infected 

troops from Egypt after the \\ orld Wa However there 1$ no evidence that 5 ftoem® 
tohum infection has ever been endemic so the western hemisphere Several cases were 
reported m the United States some years ago Fanst believes that these were undoubt 
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at Itast sit million of the Indie miHion rural inhabitants of Egvp* are 
infested withi" A(3^w/i./eiH(i«wJ<ithreejr)liionivith mansom Atleast 
one and a half ini}}ion are mfcstcd with both specres together, and about 
seven million with schrsto omiasi of atfaer one or both species 

The distfibutionin LgyiJt vaiica aiuI for iIm puq ases of study Ihewunlfv has bees 
divided into 4 tepons In three about 60 per cent of the rut^ poj ublion was found t« 
be infested with $ f-afmataiiu”> Ja the tirst of tk^e to the north and eastern parts 
of the delta about doper cent were also in/e ted with 5 ttunsoin wfaiit about pe 
cent shoised either ore or both species la the second region in the southern part 
of the delta S maiisan/ jofehled not more than 6 per cent although the transmitting 



Fic jfs — Transver e sect on of 5 Aii(«ioli>Oiiinl)<re a Vv. sets jo^ct onsof papinon's 
of the blad-er w tJ» a few »' fed oea 11 the subserus conn ctive l ssue 

aoails seemed to be as abundant a»in the tirst region Ao topographic hjdrografhi': 
or demographic differences between lbi.se regions ewW be n iticvd altbou h the hn< 
o/demarration was very sharp as far asprevaienceof the pjrasite was observed In the 
third and fiurth regions in the Valley of the Nile ard to the sooth 01 Ca ro thesnail 
ho ts of S fiionrfliit have never been fotrtd In the tJu d region then V A emefuin"’* 
WM found alone and infe ted Oo per cent of the ( opuhtion In the fourlh region S 
h em feJ «« was found n less than 3 per cent of the people In districts where 5 p« 
cent of the inhabitants are infected ore in a tlou and die from the infectnn Ifowcvet 
>n the first named districts the ptopcrtioa nsesone to twenty two 

In many other parts of Africa and m tropical America at least in local 
areas, schistosomiasis must be ranked among the very dangerous bunjan 
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diseases and in vast areas m Cbuia Sektstosoma japontcum is also an 
important human scourge Scott (1940) in the lower vailejs of \ene 
auela found that the percentage of infection with 5 mansont was for 
males about 80 and for females alwut 60 per cent In the males above 
10 >ears it reached 90 per cent 

Snails were found infected in different localities from 10 to 75 per 
cent and he beheves that schistosomiasis in \enezuela is as severe as 
anywhere in the world 

Etiology — liiSchistosomahaemalobtum the male is shorter and stouter 
than the femsle measuring lo-iS mm m length by 08-10 mm in 
breadth It has a finely tuberculated cuticle and 4 testes It also has 
2 muscular suckers the ventral being larger 

Behind the ventral iuclier the body of the male u infolded ventrad nilh Che caudal 
extremity farming a gyneeophone canal in which the female is enclosed during copu 
lation and oviposition Tbefemaleislongsndslendcr measuring about 30 X o aj mm 
The suckers are small subequat and not conspicuously muscular The ovary 1 in the 
poatenof half of the body The ov after being fettilued are passed into the uterus 
which contains eggs at one tune The eggs measure from 113 to lyou by 4s to 
7en They have a yeliomsh brown transparent shell and a distinct tenoinal spine 
The eggs are deposited chieSy in the veins of (be bladder and occasionally a few in the 
rectum They are commonly d Kharged in the unne usually at the end of micturition 
but occasionally (hey are passed from (be rectum On dilution of the unne with to or 
more parts of water viable eggs soon hatch and the m ncidia eicape es free sw mising 
organisms which may infect (be snail serving as (he intermediate host 

The following s ails ha e been reported to serve as effective intermediate hosts 
BuUnus Iru Ml 1 (Bgypt Cyrena ca and Tunis) 8 /enial (Mauritius and pots bly 
Kenya Colony) B tropuus (South Africa) Phyttpu at eeaa (South Africa and the 
Belgian Congo P la (Sierra leone West African Coast northern Nigeria 
Ny saland and Kbodesia] P Miiia (Kenya Coliny) Planerh <l f 11 t (Portugal 
and Morocco) 

On leaving the snail the cercanae swim about m the water at 
times sinking to the bottom and then again swimming back to the 
surface where they may become attached for a period b> their ventral 
suckers When human beings bathe or wade in such water thecercanae 
come in contact with the sksn and as the water evaporates the> enter the 
skin for protection casting off tbeir tads 

The pen d of their free 1 ving ex rtfnee is short being hmited at most to j days 
usually to 4 hours or less Lniry through the outer portion of the ep dermis takes 
place in Ins than half an hour and usuaDy withm to to 34 hours the larvae or meta 
ccrcariae have gamed aenss to the peripheral venul s 

PvTnOLOCk 

The earliest manifestations of the disease are associated with the 
enlrj of the larvae into the skin which may result m intense pruritis 
depending on the intensitj of the exposure and the sensitiveness of the 
individual Some minute pclechiae may be seen at the sites of the 
invasion of the cercanae into the blood vessels Some davs later there 
may be an urticarial rash Sometimes still later in severe infections 
toxic syraptoms consisting of anotexta headache generalized pain in the 
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at least SIX million of the ttveUe millton rural inhabitants of Eg^pt are 
infested with 5 Itaemolobttim and three raillion with S mansont At least 
one and a half million are infested with both species together and about 
se\en million with schistosomiasis of either one or both species 

The distribution in Egypt Mnes and for the purposes of study the country has been 
dw idcd Into 4 regions In three about 60 per cent of the rural population was found to 
be infested with S iaemalobiiim In the first of these in the north and eastern parts 
of the delta about 60 per cent were also infected with 5 manseni while about Ss pet 
cent showed either one or both species In the second region id the southern part 
of the defta J manseni infested not note than 6 per cent afthough the transmilting 



snails seemed to be as abundant as in the first teg on biO topographic hydrographic 
or demographic differences between these regions could be noticed although the line 
of demarcation was very sharp as far as prevalence of the parasite was observed In the 
third and fourth regions in the X alley of the Ivile and to the south of Cairo the snail 
hosts of S Pianiont have never been Immd In tbe third region then S hoemoleh'U" 
was found alone and infested 60 per cent of the population In the fourth region S 
haematohium was found in less than 5 per cent of the people In distncts where 5 per 

cent of the inhabitants are infected oneinatbousanddietromtheinfection IIo ever 

in the first named distncts the proportion nses one to twenty two 

In man> other parts of Africa and in tropical America at least in local 
areas schistosomiasis must be ranked among the very dangerous human 
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tilion of the ureter and of the pelvB ol the kidney frequently results from prevention 
of the outflow of the unne e ther due to lesioni of the bladder or m the ureters them 
selves Lesions of the urethra may lead to fibroid thickenings and fistula in the male 
In women the vagina vulva and cervK are particularly involved Large areas of the 
adjacent skin may become n Idled with discharged sinu es the track of which is lined 
with granulation tissue in which the o a are found 



SYJJrrOiis 

The t)n)ptoms of infection tvilh ^cAwfwoma hatmalobtum are very 
variable In many cases the infection 13 practically 8>inptom!ess but in 
other instances the suflenng is very great and the infection ultimatelj 
results m death Earl> toxic symptoms such as fever and urticaria may 
come on within a month after exposure to infection On the other hand 
the incubation period from the tune of infection to development of 
symptoms of definite orgamc disease may vary from 3 months to more 
than 2 years 

The most slnLitig symptom indicating deposition of the o\a in the 
mucous membranes of the bladder is passage of blood at the end of 
micturition Cencrally it is only the last few drops of unne that con 
tarn Wool but in severe cases the baemorrhage is more extensive and the 
urine may be blood tinged throughout Occasional clots are present 
In such unne one almo t invarublv finds largw numbers of terminal spined 
eggs Sometimes when they are not discovered in a large sample of 
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bick and extremities and a nse of temperature accompanied bj a ngor 
and niglit sweats occur The blood often shows a leucocytosis and 
eosmophiha is sometimes as lugh as 50 per cent In some instances the 
abdomen becomes swollen and tender, the h\er and spleen enlarged and 
there may be precordial pain Usually there is no diarrhoea or dysentery 
unless some of the ova ha\e inxaded the rectum 

Several months may intervene between the deposition of the eggs 
in the tissues and their first appearance in the urme E\entually there 
IS apt to be an increasingly frequent burning at the time of urination 
and an increased desire to urinate Cystoscopic examination may reveal 
hyperplasia and inflammation of the mucous membranes of the urethra 
and lower segment of the bladder Papillomatous growths may also be 
observed m the lumen of the bladder Such pathological changes are 
particularly due to the deposit of the ova m the tissues 

Their presence gives nse to a round cell infiltration the proliferation 
of the epithelial cells and the production of what has been called bilharzial 
granulation tissue which at first assumes a hypertrophic and later an 
atrophic form In the hypertrophic form which is more common m the 
mucous membranes, there is marked proliferation of the epithelium which 
leads directly to the formation of papillomatous growths or to the forma 
tion of vesicles containing turbid fluid By bursting these may give 
nse to ulcerations In the atrophic form the granulomatous tissue 
becomes mote fibrous as the process becomes less acute and in these areas 
very few ova may remain In sections the ova may be seen escaping 
between the epithelial cells of the mucous membrane The fine capillaries 
and veins beneath the epithelial lining and the loose connective tissue in 
which they occur are also often filled with ova while in the deeper sub 
cutaneous tissues coupled pairs of the worms are often found in the v essels 
The amount of round cell infiltration and of fibrous tissue present vanes 
according to the age of the process 

One of the earliest manifestations of scbistosoouasis in the mucous membranes is a 
characteristic velvety sw elling The surface is usually dark ted and has the appearance 
of a thick velvet In other instances m the mucous membrane of the bladder there 
may be a fine brov nish yellow povdeiy appearance with here and tlere the develop 
ment of sandy patches m the wall In (he small papillomatous outgrowths the central 
core IS vascular and composed of loose touneclive tissue being praclically eonlviwous 
with the submucous tissue The core of the papillomata is infiltrated with leucocytes 
lymphocytes and eosmophiles Later giant cells make their appearance The ova are 
scattered irregularly throughout As the ova approach the surface of the mucous mem 
brane in large numbers the surface epithelium undergoes necrosis the papillomata 
become granular and shiny and bleed cavly These also frequently ulcerate particu 
larly when they occur in the intestine The ulcerations may al 0 occur m the intestine 
independently of the formation of papillomata and deeply punched out like ulcers may 
result and give rise to symptoms of dysentery At a later stage in the bladler the 
whole mucous membrane may be so altered in color and structure that a regular calcified 
lining IS formed which gives al autopsy a characteristic gritty feeling to the hand The 
walls of the affected organ in these instances are generally large and thickened partly 
from muscular hypertrophy and partly from the deposit of nbrous tissue In the 
bladder the eggs not only give rise to haematuria but constitute the nucleus for calculi 
Cystitis results usually and frequently extend to the ureters of the kidneys Dila 
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tati>n of the ureter and of the p Ivjs of the kidney frequently results from prevention 
of the outflow of the uri e e ther due to les ons of tie bladder or in the ureters them 
selves Lesions of the ureth a may lead to fibro d thickenings and fi tula in the male 
In women the vagina vulva and cervix are patUcula ly involved Large areas of the 
adjacent skin may become riddled vnth diacWged sinuses the track of ' hich is lined 
with granulation tissue in which the o a are found 
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SYMPTOitS 

The sjmptoms of infedion with Sckulosoma kaeinatobium are very 
variable In many cases the infection is practicaUy symptomless but in 
other instances the suffenng is very great and the infection ultimately 
results m death Early tovic symptoms such as fever and urticaria may 
come on within a month after exposure to infection On the other hand 
the incubation period from the time of infection to development of 
symptoms of dehnite organic disease may vary from 3 months to more 
than 2 years 

The most striking symptom indicating deposition of the ova in the 
mucous membranes of the bladder is passage of blood at the end of 
micturition Generally it is only the last few drops of urine that con 
tain blood but in severe cases the haemorrhage is more extensive and the 
urine may be blood tinged throughout Occasional clots are present 
In such urine one almost invariably finds large numbers of terminal spined 
eggs Sometimes when they arc not discovered in a large sample of 
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back and CTtrenuties and a nse of temperature accompanied bj a rigor 
and night sweats occur The blood often shows a leucocstosis, and 
eosmophilia is sometimes as high as 50 per cent In some instances the 
abdomen becomes swollen and tender the liver and spleen enlarged and 
there ma> be precordial pam Usually there is no diarrhoea or d>senter\ 
unless some of the ova have invaded the rectum 

Several months maj intervene between the deposition of the eg^s 
in the tissues and their first appearance in the urine Eventually there 
IS apt to be an mcreasinglj frequent burning at the time of unnalion 
and an increased desire to urinate Cjstoscoptc etammation may reveal 
hyperplasia and inflammation of the mucous membranes of the urethra 
and lower segment of the bladder Papillomatous growths ma> also be 
observed in the lumen of the bladder Such pathological changes ate 
particularly due to the deposit of the ovra m the tissues 

Their presence gives rise to a round cell infiltration the proliferation 
of the epithelial cells and the production of what has been called bilharzial 
granulation tissue which at first assumes a hvpertrophic and later an 
atrophic form In the hypertrophic form, which is more common in the 
mucous membranes there is marked proliferation of the epithebum which 
leads directly to the formation of papillomatous growths or to the forma 
tion of vesicles containing turbid fluid By bursting these may give 
nse to ulcerations In the atrophic form the granulomatous tissue 
becomes mere fibrous as the process becomes less acute and m these areas 
very few o'a nuy remain In sections, the ova may be seen escaping 
betw'een the epithelial cells of the mucous membrane Ihe fine capillanes 
and veins beneath the epithelial lining and the loose connective tissue in 
which they occur are also often filled with ova while in the deeper sub 
cutaneous tissues coupled pairs of ihe worms are often found m the vessels 
The amount of round cell infiltration and of fibrous tissue present vanes 
according to the age of the process 

One of the earL «t manifestations of scbutosonuasis la the mucous membranes is a 
characteristic vebety swelling The surface is usually dark red and has the appearance 
of a thick velvet in other instances iq the raucous membrane of the Wadd r ibtie 
may be a fine brownish yellow powdery appearance with here and there the develop- 
meat of sandy patches m the wail In the small papillomatous outgrowths the central 
core IS vascular and composed of loose connective tissue being practically conimuous 
Kith the submucous tissue The core of the papillomata is infiltrated nith leucocytes 
lymphocytes and eosinophil 5 Later giant cells make their appearance The ova are 
scattered irregularly throughout As the ova approach the surface of the mucous meni 
brane m Urge numben the surface epithelium undergoes necrosis the papillomata 
become granular and shiny and bleed easily These also freguenlly ulcerate particu 
Utly when they occur in the intestine The idceraUoos may also occur in the intestine 
independently of the formation of papillomata and deeply punched out like ulcers may 
result and give rise to syroptorns of dysentery At a later stage in the bladder the 
wl ole miCQus membrane may be so altered in color and structure that a regular calcified 
lining IS formed whichgi es at autopsy acharactenstic g ittyleelingto the hand The 
w alls of the affected organ in these instances are generally large and thickened partly 
Irom muscv’ar hypeittophy and pvtUv from the deposit of fibrous tissue In the 
bladder the eggs not only give rise to hacmatuna hut con titute the nucleus for calculi 
Cystitis result usually and frequently extends to the ureters of the kidneys 
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Thus the ova may be earned into the infenor mesenter}’ veins and give 
nse to Schistosoma appendicitis Campbell in northern Nigeria found 
ova in 57 per cent of the appendices removed by operation He considers 
that the infection maj produce svmptoms requiring urgent surgical 
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intervention Sargent (19^7! and Kaufmann (1937) have also called 
attention to Schistosoma appendiatib UsuaU> however the presence 
of the ova in the appendiv does not result in acute inflamatory attacks 
Small numbers of ova are alj>o frequentl> swept back through the 
portal vessels into the liver viheie ps«udolubercle formations and some 
times abscesses result followed by polypoid fibrosis of the periportal 
tissues Makar has reported primary disease of the gall bladder giving 






SCnXSTOSOMlASiS 


urine one can find them in the last few drops passed especiiUy m the 
urine which is forced out by straining Tam is not alwa)S present but 
m other instances there may be pain in the suprapubic region or in the 
perineum Frequencj of mictuntion i$ often an early common sjmptom 
and there ma> be a scalding sensation of the urethra during and after 
passage 

The endemic haemituna may last for months or years and when the 
infection is severe cystitis soon supervenes and may give rise to consider 
able suffering In chronic casea the eggs not infrequently become the 
nucleus for the formation of calculi and large stones are not uncommon 
especially in Egyiil Multiple small stones are also encountered 

Papillomata which develop in the walls of the bladder not infrequently 
become mahf nant Brumpt 1936 has made a careful studv of the role 
that Schislosttma plays m the production of human carcinoma 

A statistical study made m Cairo showed (.tut the usocutioa ol schistosamiiin and 
of catcinoma of the bladder it from * to 11 limes more frequent than pure cancer 
of the bladder Sorour in a study of 413 cases of schistosomiasis of the bladder of 
which jqj were m men and to m women found that among the 593 men there were 
7S cases of carcinoma of the bladder 3 of bilharzial endothelioma of the penneum 
4 of btihanial carcinoma of the rectum 1 of bilbarzial carcinoma of the caecum and 
X of bilhataial epitheUooaa. oC the slua in the inguinal legion Uis statistics further 
show that bilharzial carcinoma of the bladder appears in the gist period of life i]-io 
years of age and that it becomes augmented in frequency as age progresses 

Besides symptoms of the bladder there may be evidences of prostatic 
disease or of vesiculae setnmalcs involvement In the latter case ova may 
be detected in the semen In other instances symptoms develop m con 
nection with lesions of the ureters and kidneys pilatatioo of the ureters 
and hydronephrosis may take place and attacks of renal colic may occur 
m such instances secondary septic infection of the unnarv tract is 
frequently a complication Many of the patients become anaemic 
wasted and debilitated Urinary hstulae are not uncommon m connec 
tion with disease of the urethra They are especially common in the 
perineum and posterior surface of the scrotum Stricture of the urethra 
IS by no means uncommon 

Pseudo elephantiasis of the sheath of the peais may also occur w which ova are 
found deep in the tissues lofectioD of the spermatic cord is not infrequent In 
women Vaginitis and cervicitis may occur and papilbry growths and ulcers which 
may in some instances become malignant rapillomatous masses containing ova are 
also sometimes found on the vulva and may simubte venereal warts Surour found in 
to women infected with schutosonuasis there were 2 cases of carcinoma of the bladder 

■Rectal symptoms with passage of blood and mucus may coexist with 
urinary sy mptoms These lesions may be due to mv asion of the intestinal 
wallvvithS haematobium or to miTed infections with^" mansont Both 
Khalil and Scott have pointed out that a high percentage of the people in 
parts of Egypt are infected with either one or both species 

Rarer Lesions — seems not improbable that almost any organ 
of the body may sometimes be mv^ed by Sckulosoma hemalobium 
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PROCKOSIS 

In the milder degrees of inlectioo svhich are the commonest the 
patient is usually not inconvenienced by the parasite though in almost 
all cases there ma> he attacks of haematuria from time to time In 
severe chronic infections however much suffering usually results and as a 
consequence anaemia and debility follow The intensity of the infection 
IS important in connection with the prognosis In severe cases chronic 
cystitis IS very common and calculus may result or grave renal disease 
follows The papillomatous or epithcliomatous outgrowths m the bladder 
may become mabgnant In recent years the discovery of the value of 
antimony m the treatment has greatly improved the prognosis in the 
majonty of cases in which it is institute early 
Prophylaxis 

Especially in urine and faeces of infected individuals which contain 
the ova lies the source of the polution of water in which the snails which 
constitute the intermediate host become infected Hence it is most 
important that there should be disinfection or other sanitary disposal of 
excreta and every attempt made to prevent (he evacuation of infected 
excreta into the surrounding water supply 

In the endemic districts man frequently acquires schistosomiasis 
irom bathing wading and washing m streams and pools where Schtslo 
sma cercariae are present Infection may also result from drinking 
such infected water 

Therefore prophylactic measures also should be directed toward 
education of the population to refrain from drinking from or bathing 
in the rivers ponds and canab and sportsmen should be warned against 
wading in localities known to be infected In such locahties drinking 
water should also be boiled The cercarue can usually live free only 24 
to 48 hours in water Hence impounding infected water makes it safe 
for bathing and drinkin^ as does also 1(5 superchlorination for more 
immediate use 

Other important means of prevention are chemotherapeusis of infected 
individuals and antimolluscan campaigns 

As regards sterilization of dnnkuig water boiling is by far the most 
satisfactory method Chlorine in the strength of i i 000 000 which has 
generally been employed to sterilize drinking water appears to be ineffec 
live upon the living cercarue However ttitenbcrg and Yofe (1038) 
have reported that gaseous chlorine is really the only agent which can be 
employed practically and that can be depended upon to kill the cercariae 

Chio me water containing j grams per liter is prepa ed by introducing gaseous 
chi rme directly into the water Two grams of aininoaium chi ride are then 

dis olved in 100 cc ot this chlorine water The sotutioa is then le/t to stand for hours 
at room temperature Of this solutuns a 5 cc ate dissolved in t 1 ter of water Thu 
forms a stock chloramine soluUoo which contains from t to 2 parts per null on of acUve 
chloramine They 1 und chlotanu e to be the most eOeclive form of chlorine tested 

VV th chlonumne alethaleffect wascerta nsnless than 30 minutes if o 22 per million of 
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rise to duodenal stasis The intenor of the bladder ^vas studded v\ith 
sandy patches such as arc more frequently seen m the urinary bladder 

The o\a and even the parasites may be carried through the hypo 
gastric and common iliac \ eins and inferior \ ena ca\ a and the nght heart 
and then become located in the lungs Turner has pointed out that large 
numbers of the ova in the lungs may give rise to a form of interstitial 
pneumonia Suarez (1931) has reported an infection of the lungs may 
giv e rise to sj mptoms simulating bronchial asthma Shaw and Ghareeb 
(1938) have found pulmonary lesions due to the ova of Scktstosomes in 
33 per cent of 282 autopsies upon Egyptians 5 /laemu/eJiMW was almost 
twice as common as S' mansont 

\dutt worms were found in 10 percent of the pulmonary cases Ova reached the 
lungs as emboli and caused an acute necrotisiog artenolitis The ovum escaped 
through the vessel wall and became the center of a parenchymatous tubercle In come 
instances they found an increased mtrapulmonary blood pressure with diffuse arterial 
changes and hypertrophied right ventncle producing a condition resembling Ayerras 
disease 

Ova have aho been found in the bram and spinal cord m patients who 
have suffered with epileptic and paralytic symptoms 

Day and Kenaway and Bayoumi (1939) each have repotted cases of bilharzul 
ni> ell us the ova being demonstrated at autopsy m the lumbar enlargemeots of the cord 
In Bayoumi s case there were sandy patches in the bladder and the whole length of the 
ureters and in the seminal vesicles where ova were also found Hoffman and Shady 
(1939) have reported 4 cases one with myelitis and all with mental confusion in which 
the nervous and mental symptoms were relieved after treatment with tartar emetic 
GaaayetU (1939} found Khistosome ova in the circumffei branch of the left coronary 
artery of a patient in Egypt who had died of meningitis Lesions were also present m 
the lungs rectum appendix and unoary organs and the ova of A<maro&i»m were 
found m the scrapings 

In rare instances the adult worins themselves in copula have some 
times been found in the urine in connection with a copious hemorrhage 
with ruptured vessels 

Diagnosis — Diagnosis depends upon finding the ova with a terminal 
spine in the urine More rarely they maybe found in the faeces Fig 339 

A complement Jiialion test has been devised by Fairley (1917) with an alcoholic 
extract of the livers of snails infected witb^ mantoRi as antigen lie obtained positive 
reactions in a large proportion of cases ol early infection with both S mansoni and 
S kaemotobium and believes it can be used to check the results of treatment The 
method promises to be of practical value if a atandardiaed antigen can be made available 

Fairley obtained positive cutaneous rtaclmnf (also group reactions) by using filtered 
saline extracts of infected bvers These reactions persisted after apparent cure 

The presence of haematuna in areas where the disease is endemic is a 
suggestive symptom m diagnosis Cysloscopic examination and some 
times digital examination will often give suggestive information The 
disease should be distinguished dinically especially from renal calculus 
due to other causes and from benign and malignant growths of the bladder 
and rectum and from haemoglobmuna and bactenal cystitis 
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catcd a necessary b> lli^rrock s «a(er testug method plus > a contact penod of half 
an hour being advised 

Craclcett has reponeu ‘ha* the cercanae are t ery susceptible to form 
aldehjdeand that a o 03 pc cent solution tsiU kill them in i minute or less 

For the destruction of siw Is ammonium sulphate in weak solutions 
has been recommended sinct kills the snails in a few hours Copper 
sulphate in high dflutions t 100 ooo and sometimes eten r loooooo 
will also kill the snails Care should be exercised that the copper is not 
introduced in a strength that will kill the fish 

Brackett ( 939) points out Ibst in this connectiob copper carbonate w luch is less 
s luble can safely be applied m excess lie lecommends 3/10 000 of a pound for each 
calculated cubic foot of water However tbe organic matter in the niter may fix tbe 
copper and reader itieert In lonie localities the pumping of live steam into the water 
has been the most satisfactory measure to kill (be snails The snails may withstand 
drying for considerable periods and some which buirow in (be mud may survive 

A mollusc once infected may continue so for months but fortunately the free cer 
carlaebve but a very short tune at most some 48 hours id water Ireecercariae how 
eter re dily pass through the ordinary municipal filter beds and they can tra\erse 
30 inches of fine sand in 3 hours In Egypt m recent jears the destrvcUOQof the snails 
in some locahties has been attempted by adding a preparation called Sixolio 1 eoo 
000 tothewatec Uowever very great difficulty hax attended tbe attempts in Egypt 
to erad cate the sni Is in endemic regions Ibus Khahl reported that in one ngion Ihe 
Bulintu soaits were completely exterminated in an isolated rngated region by miting 
copper sulphate 1 too one m the enter ng water but a few months later the Subaua 
tnaifs were present m large numbers and ii appears that parts of the Nile itself contain 
uifeetad snails 

Scott sndBstlow (1938) 11 reporting upon she sanitary campaigns carried out during 
a SIX year period in Egypt state that while a reduction in the amount of inf ction fol 
fowed the admi strat on of as much ttealmeot s the people co Id be persuaded to 
take and that such sanitary measures as were possible were earned out oetertbeless 
after two >«aTS the rate of Sthistos toa mfectioa bad returned approtsmately to its 
original level Thus (he chemotherapeutic pr gram was unsuccessful especially due 
Coc nstaoi reexposure and (be lofectMu itself appeared 10 confe little if a y immunity 
to subsequent infect on 

Scott and Carlow howeve emphasiee that tbe fart that sa itation did not cause 
os even maintun alowetfe tlof psTasucinfcttioaabouldiiotTDiliUle gainst its value 
and that it has of course relieced much suffen >g They emphasise that complete 
elimmatiiin of urine and faeces from the canals would put schistosomiasis under control 
ince in Egypt there is no tain to wash polut on into the w ater and the entire difficulty 
IS based on customs wb ch lead to d ect polulion of tbe canals 

Control of ibe snail hosts could *l«o reduce the level of 1 lection However the 
simple drying of the canals was n I fou d to be effective as son e of tbe sna Is burrow 
into tbe mud Ivor did the use of cbemical agents apj ar to be practical Keeping the 
canals free from eg tation appeared to be a satisfactory means of reduf ng the number 

Caw stow {tosal thinks that pr pdi>V ms is parucula ly a problem f r the engine r 
forced d sturban e of water conta ing the fragil cerca lae b ing m >it serviceable tba 
chem cals 

Apparently tbe only permanent advance lu the co trol of tbe d ease in such cou 1 
tries as tgypl and %to«au«la will nsuH when proper disposal of human escrela is 


XaHTUENT 

The intravenous injectioo of tarlar emetic as emplojed for treatment 
of Schistosomiasis by and Chtistophersotv has proved of 

great value m the treatment of all foixns of schistosomiasis The drug 
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available chlorine remains after 10 jnnnites Loner concentrations are not certain 
even if longer periods are allowed II sodnim hypocblonte ii> used a sure eSect may 
be eapectod during i hour and 5 mmates if there remains o 28 per million of available 
chlorine and during jo mmutesifoaaperniillion or more of available chlorine remains 
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If gaseous chlonne is used a sure lethal eflect will be obtained 
e available chlonne after id ounutes is o 25 per million 
has also found after extensive experimenU that chlormalion wiU 
ro vided that lb« atnoant of chlnranuae employed equals that as Indi 
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cated as necessary b> Horroct s abater method plus a 3 contact penod o! hall 

an hour being advised 

Brackett has reportea *hat the ceicanae arc \er> susceptible to form 
aldehjdeand that a 003 pe cent solation mil kill them m i minute or less 

For the destruction of snj Is ..ramonium sulphate in weak solutions 
has been recommended since kills the snails m a few hours Copper 
sulphate in high dilutions 1 100000 and sometimes even i 1 000000 
will also kill the snails Care should be exercised that the copper is not 
introduced in a strength that will kill the fish 

Brackett (1939) points out that id thi connecti n copper ca bonate nhich is less 
soluble can safely be applied in excess Herecomme dss^ o 000 of a pound tor each 
calculated cubic f ot of water However the o gan c 01 tier in the water may fix the 
copper and render It inert In some locabi es thepumpingof hvesteamintothewater 
h s been the most satisfactory measure to hill the snails The snails may withstand 
drying for considerable periods and some which burrowr to the mud may survive 

A uollusc once 1 fected may continue so (or months but fortunately the free cer 
carlae live but a very short time at most some 4S hours in w ater Free ce car ae bow 
ever read ly pas through the o d ary municipal 61 t t beds and they can traverse 
JO inches ol tme sand 10 $ hours In Egypt id recent years the destruction of the snails 
in some localities has been attem( ted by adding a preparation called S120I1D i too 
eoo tothewater Howe er very great diOicuUy has attended the attempts m Egypt 
to eradi ate the snetls m endem c regions Thus Khalil reported that in one region the 
Bui us snails were completely esierm naled in an isolated irrigated region by mixing 
copper sulphate 00 eee in the enteims w ter but a few months I ter the Bubnus 
snails were present in la ge numbers and u appears that paits of the Kile itself contain 
infected anails 

Scott andBaib ( ojSl mcepotling upon the eamt ry campaigns oatriedout during 
a six year penod in Egypt state that while a reduction m the amount of infection fol 
lowed the adm stration of as much treatiBCDt as (he people could be persuaded to 
take and that such aan tsry measures as were possible were carried out nevertheless 
afte two yean the rate of Scb stosoma infection bad returned approximately to its 
original level Thus the chemotherapeui c program wa unsuccessful especially due 
to constent teexposure and the infection itself appeared to confer little if any immunity 
to subsequent mfection 

Scott and Barlow however em] has e that the fact that sanitation d d not cause 
r even mainta a a lower le 1 of parasite infectioo should not mihtate against its value 
and that it has ol course rel cved much suffering They emphas ae that complete 
ehminat on of unne and faece from the canals would put schistos ma is under control 
since in Egypt there is no rain to wash polution into the water snd the entire difficulty 
IS based on customs wh cb lead to di ect polution of the ca als 

Control of the snail hosts could also reduce the level of infection However the 
simple d ying f the can Is was not (oand to be effective 3 some of the snails burrow 
1 tothemud Not did the useof cbemc lag ntsappear to be p actic 1 Keep gtbe 
canals free from vegetati n appeared to be a satisfactory means of reducing the number 
of snails 

Cawston (1944) thinks that p ophjlai s is p rtcularly a problem for the ngn 
fo ced disturbance f water contain g the fragile cetcat ae be ng more serviceable than 
chem cals 

Apparently the only permanent advance in the control of the disease m such coun 
tries as Egypt and \ enxiutla will nsult when proper disposal ol human excreta is 
secured 

Treatuent 

The iQtrav enous injection of tartai emetic as t mplo) ed for treatment 
of Schistosomiasis by McDonagh and Chnstopherson has proved of 
great value in the treatment of all forms of schistosomiasis The drug 
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apparetiilj acts upon the adult trcmatode by cumuiativc action Uinitt 
normal conditions when the {reshl> passed unnarj deposit is mixed with 
warm water at x^o^F the hatdung of the eggs usually tikes place m 
about s minutes but after the i>atient has received injections of antimom 
tartrate it is found that such eggs as appear in tlie urine are dark and 
shrivelled and contain dead nuractdut Ciinstopherson believes the 
change to be due to the direct action of antimoRj upon the eggs Faiilej 
from experimental studies on the allied species S spwdahs of the goat 
believes that antimonj acts first in a selective manner upon fherepr^ac 
III e organs of the female bilharzuand thus causes first a shrunken appear 
ance of the egg and second a cessation of egg la>tng capacity foiahj a 
destruction of the adult parasites occurs 

TMtat EmeOc (Sodium Aabmciay Tiitrats) — It « recomoieoded that tie inU» 
venous injections b« given on atteinste days over v period of 4-6 weeks It is uswl tu 
begin wit h H grain (ooij Cm } doses for ctutdren and grain (nisj Gns ) foradaits 
dissolved in so minims of distilled water and (ben diluted with an equal amount of 
noraial saline The dose is increased by gram until iff gramsfr idCns Jisreacied 
unless a reaction is produced before that lime Injections ate then given every other 
day the dosage being kept between 2 and s>i grains (o is to o 16 Cm ) until sj to 
30 gmnj (1 7 to a 3 Gm ) u given This amount is ususUy sufScient (0 cure an aduh 
the children are given proportionately smaller doses the nuiiraum dose being on Ine 
basis of o ooj Gm per kilo of body weight Tiealroent must be proceeded with esu 
Uoualy as some patierilt show a pronounced intolerance of the drug 

U IS <d«rcii/le (kit (he patient should remaiti in a recumbent position for at least 
one hour after each intravenous adnunislration The drug hat a drpreasing effect on 
the heart circulation and respiration The blood pressure falls while the pulmonsty 
pressure rises 

The antimony is slowly esereted and has a cumulaliv* action After tosic doses 
fatty degeneration of the hv« kidneys and heart may be preseot with ojngtsfion « 
(he dura mater and cerebral vessels According to Khalil the pnnapal organ of etcK 
tion »s the kidoey In patients with confsac puJmooary and btpstic dtiotdert tie 
drug 18 usually conlramdicsted While sudden death ^s someiioM occurred tie 
deaths from its administration are said according to some stalisUcs to eonsUiute only 
about o I pet cent M»in*er and Krause (1939) have made electrocardiogram studies 
of 12 patients during antimony treattnent Id j cases considerable pathological alter 
atiora b ere tound and changes of (he S T iistcrvaf as Well as in the T deCectioa T^ 
abnormalities they considezed were due to wtoaication of the heart muscle from ihe 
antimony (hough the process in most cases was not clinically evident 

Usually foUoivjng treatment with antimon) a rapid irnprovemenl 
m the condition of the unne js observed all traces of blood disappearing 
In Egypt fvhaUl has rccomniended a 6 per cent solution for use The 
course consists of 13 injections given 3 times weekly until ss^i pains 
of ffie drag have been administemf ft occupies 4 «eei-f Fairiey has 
confirmed the specific action trf tartar emetic espcciallj m tts effects tn 
5 sptitddts infection of goats and has shown that it is capable of killing 
00 the adult bilbaraia parasites and eradicating the disease 

The pentavalent compounds of autimoBy as neostibosan and neostan 
do not seem to be as eillcaaous as tartar emetic 

Fc>aadiB (Keoaobmnsaa) (B»yer) — ^This u a tnvslcnt compound antimosy py™ 
catecluB disulpionate of sodium (coataiBSBg Ig pw tent of aatiroony} which w»> 
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introduced id 1929 especi Uy for the trentmcDt of billiarn sis in Egypt The drug is 
administered intrarnnscularly on alternate days and is s id to produce no local irritation 
or sloughing at the site of the injection It nsuall} causes no nausea or vomiting 
coughing or iigors Accord ng to khahl the trbole course of the drug consists of the 
intramuscular inject on of the 7 per cent solution as follows 

ist day 1 S cc 

2nd dav 3 S cc 

Then on alternate days 

3rd day through 17th dajr S o cc each 

It IS claimed that a cute mav be effected 10 19 days Fifty per cent of the drug is 
etcretedm tbeunne and 4 percent in the faeces Khahl (1930) treated 1479 cases with 
fouadin and states that the cure was obtained in 97 6 per cent 

D amantis (1938) emphasizes that there ate many deaths wh ch occur annually 1 
Egypt from the use of fouadin and points out the necessity of giving a mi ed antimony 
and emetm treatment in quantities which are belo v the lethal dose of each 

Other authors belie e that t eatment with tartar emetic is more effective Other 
drugs that have been part cularly recommended for treatment are emetin and anthio 
mahne 

Ty kalas believes that when emetm is given intravenously (in doses of t to t 5 gr } 
that It IS supenir t every other speu£c Howe er toeie symptoms diarrheoa vomit 
mg and neuritis are apt to ensue when the drug is given intravenously Tyslialas how 
ever has also reported good results from injections of the drag intramuscularly m doses 
0! gr d ily the total course lasting 10 days to 2 weeVs 

Anthiemaline a 1 thium salt of ant raony has been recommended particularly bv 
Mouhn id and by Cawston but it has not yet been widely employed 

Ashhu (1938) has reported on the treatment of 24 patients with urinary schisco 
somias s with th s drug in 6 per cent solution The drug was found to he more totic 
than fouadm and to give nse to unpleasant symptoms in some of the cases but the 
results of the treatment of the majority after from 6 to 9 injectioos were favorable In 
one patient the va were at II being passed after the ninth injection 

Local Treatment — For the treatment of the urinary calculi and new 
growths m the bladder surgical intervention 1$ sometimes necessary 
\Vhen cystitis and distress are extreme penneal caecostomy and drainage 
may give relief Penneal fistula and stone and stricture may also require 
relief by surgical operation 

II Schistosomiasis (Bilharziasis) Produced by Schistosoma Mansoni 
Defimhoo — \ chrome disease produced by Schtslosoma mansont 
characterized by intestinal lesions frequently resulting in dysenteric 
symptoms and by visceral comphcations which may give rise to spleno 
megaly and to cirrhosis of the bver 

History anp GEOCRApracAi Distribution 
History — In 1851 B Ihaiz observed lateral spined eggs m some female Schistosomes 
f und at autopsy of an 1 dividual dj g m C ro Sonsmo and Manson who also 
observed lateral spmed eggs in female worms suggested that a d stmet species was 
concerned llowe er Looss was opposed to such a hj'poth sis and it was suggest d 
that the pecuh r position of the spme of the nm was due to disto ti n of the egg shell 
either la the fluke or in passing th ough the muscular coat of the rectum In 1903 
Manson found later 1 spmed eggs m the faeces of a p t e t from Antigua M est I dies 
w ho had never suffered from haematuna which led him to think that the infection was 
a d stinct one I 1907 Sainbon on the ba i not only of differences in the character 
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©f the tgg shell Irons that of J iattMlebUM but ^Iso an account of tbt clauc*] pittaie 
produced by the parasite snd dt?tT*-nt feogtaphical disttih^tion created the spoaes S 
CTtfKroBi far thss parasite Later itcKportn] upon laany casts of lateral spinedscLso- 
sonsiasis from South America 

Ifoicocnb and I>a Silva fint described the peculiar aaatotnical distineyofli 
of fftansant T1«! auWfiiy studies ot (igir) and Risquet (1918} further tub 
stantuted the idea of a different species Lciper {iQiS^tS) finally proved Mpen 
mentally Che distinctions between 5 tnans/>iit and S iarmaiebium desaonslrating that 
the rairacidia hatched from lateral sptnedeg^ developed in Egyptian snails of thegenss 
Planorbif and not of the genus and also that there ate constaot morpboloei'sl 

distmcCions hetoieen 5 munsont end S itmaiobiaat 

Geographical Distabubon — It has been suggested that 5 fiionsom 
was onginaUj, a West African species 

Its geographical distribution iftclides the Nile Valley aod the upper Siidsa end 
along the Fast Atntan Coast from Zantvbat to the Zambesi river eitendiog inlaad t# 
northern Khidesia Tanganyika and the Belgian Coosi> A few cases have also been 
reported in Aatal and m the TVansvasl and Wadagascse In tt »t A/nc* KS disin 
bulwn ertends through ''fnefcat and rienth Guinea lo Late Chad It has also b«8 
found in Lib« la and hierra Leona Van den Berghe 0t>3p) has found it coames 
throughout the Belgian Congo and genetally distributed aC all altitudes below ifo* 
euetera The only cases reported >n Asia ore the few in Arabia at Veoieo 

In the wesleeti hemisphere it has been suggested that the infection 
w as probabU mtroduced dnginaiJy bj African slat cs Jt occurs especially 

tn northern Brazil and Davis (1934^ who made a study there of specimen^ 
of the liver obtained v,uh the vjscerotonc found evidences of infection tn 
1594 sections Martins and Dos Anjot (1939) beheve that the wfeetw® 
has been recently introduced in Northeastern Biazil where ihev fonno 
in the Province of Minas Geraes an inadcncc of from 3 to 85 per cent 
in diRerent localities It has abo been repotted in earlier years in \ene 
Euela and more recently in that country by Mendoza (1956) Scott 
(1940) found m mountain valleys near Caracas at least 70 per cent of the 
rural population to be infected including practically every male over 
so years 0/ age He believes that schistosomiasis m V'enecuela is 
severe as any « here lo the norJd 

It is ah* comtDoft in Ifiitch Cuizna Taust tad Hoffmann found it m nuweroiu 
tocahties in Puerto Rico and it has been suggested that it occurs in '^nta Domingu 
Camefon la 1931 tound a quarter of the poputation of St Litts to b lofected where 
he als> found the infection cotamon lU the West African green monkey Ctrcapilham 
fabaeui The infection is also Cobmsswi et esrhece in the Aniiffes notably 4 f Anctgw 
Guadatoupe Martinique St Lveu Nevis MonsemC and Vieques 

Etjowov 

i{erp1cio0 and Lije History ^^Sdisintuna mowrent fSamtWfi igo?) in d* adult 
Stage resmibits S hatmaiobium but it » ^uwraliy smaiiK in sue acd more grossly 
tuberculated In S wanioni ttse Cemate usuidly deposes only one egg at a time but 
ptobahly produces from one to several bondred eggs per day The eggs are someMiial 
ipjndJt shaped and provided nith a lateral sfone and they ate geoerjHysIi'’blly®b®f^*' 
thao those of S hatmat iiui t The adult male paras te meawres from d 4 tf 9 5 
hsf' and the female 7 a to 14 «» kwg Hie testes of the male number 6 to q I" 
the female theavaiy isiD theanUmi fall of the body and the uterus »s cowparati^/ 
ahott It IS probably for this reason that »t oafy deposila one ovum at 3 lime Ta« 
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gut branches reunite m the anterior half of the body The eggs which are usually 
passed m the faeces rarely m the unne measure it4 to 175(1 in len th by 45 to 68ii 
m breadth They ha e a jellonish bronn transparent shell and a charactenstic lateral 
spine The setually mature worms are found m the human body particularly in the 
mesentenc \enules wh ch dram the large intestine and the posterior segment of the 
ileum sometimes in the upper branches of the superior mesentenc 'em the vesicular 
plexus and "ithm the mtrahepatic portion of the portal veins The sexes are often 
found separately m contrast to what is usual with £ Jijemalobsum Howe'er at the 
t me of oviposition the females are held by the mates in the gynecophonc canal in the 
small venules adjacent to the intestinal wall The ova are deposited directly m 
the venules of the colon and espeaally of the ectuin frequently m the submucous layer 
of the intestine Rarely they may be deposited tn the venules of. the bladder The 
ova soon break out of the vessels and are discharged into the lumen of the intestine 
In other instances lying m the submucosa they give ti e to inflammatory processes 
resulting m the formation of pseudolubercles ot of small absces es The ova are al 0 
earned m the portal stream into the bver and beie m the penportal tissues also occasion 
inflammatory reactions A large number of them passing through the intestinal wall 
are d seh rged with the f eees conta n n blood and mucus She tly after their pas 
sage the eggs which are usually mature batch throu b a nft in the shell and the 
nuracidia which are lirger than those of 5 ktum^lfbium escape In water the free 
awioioiing period does not usually exceed 16 hours and to survive the mirae d um 
must p ss in th s t me nto the nollnscan tnt mediate host 

The life cycle within the sn I sparalleltolb to {5 hncmofi’^iim Under lavorahle 
conditions a minimum penol of 4 weeks is required When the ccrcarue escape from 
the s a I they resemble those of S ia<mali>bium They attach and invade the shin 
of the human h st and m g ate through the blood stream to the intiahepatie portal 
stream in a similar way to 5 iae alobiii Hone r Faust and HoSman have found 
th t in e penraenUl infections of animals the met cercanae of ^ m »ioni are not 
immediately filtered out on the r arrival in the liverand usually pass through the hepatic 
capillaries into the lungs and generate culat n from one to several times bef re finally 
accumulat ng in the portal stream The incubat on pe d in the human host is about 

The matu e worms sometimes first ovipo t in (he tleo-colic and cot c branches of 
the superior mesenter c v in and the colic branch of the inferior mesentenc later 
wanderm downward into oihe a astomoses of (he venous ci culation Day ( 937) 
has found that the adult worms may rarely m grate by the accessory portal circulation 
and be carried to the pulmonary arterioles Lesions ot the lungs are common complica 
tions of the infection 

Intermediate Hosts — The intermediate motiuscan bo ts which are known include 
Ptam b botiiyt (Cgypt and Italian East Africa) P alezandrtnus and P herbem 
(Sudan) P pfej » (Natal Souihe n Rhodesia Sierra Leone) P indaniCMi (Nyasa 
land) P dfueniis (Belgian Congo) Austral h ^ai alus (formtly Plauorbu guada 
loupe ss little more than a snbspecie ) (Venezuela Lesser Antilles Puerto Rico) 
A olicaceus and 4 ceul m I ahs (Br al) a d 4 anliguen i (Lesser Antilles) In 
addit on Phvsopsi a} c Jio and B I nus Irapicas ha e been mcnimnated m Natal 
Martins (193S) states that P g daleupeusis P el eeus P ce I m I al s P nigrica s 
P mmu andprobablyP pereg 1 j are the same spec sasAusIralob gl bolus 
In any case it appears that 1 < si alerbu is httle m re than a subgenus of Flanorb s 
(Chandle 94 ) Scott (1941) bas found Ausl ale b glab alus to be the infecting 
sn il I \ enezuela 

The species of Pla bis wh ch occur m No th Am nca Eur pe and the 0 ent 
bel g to different g oups from those m Af ca and tropi al America and may not be 
c pableofserv g as intermediate h sts of human infection 

EPIDEinOLCXIY 

S mansoni apparently requires somewhat different conditions for 
Its propagation than S haematobtum Thus although the two infections 
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are frequentiy found aLSSociatcd m Africa >ct the distribution « not 
identical but depends parttcolarij upon the distribution of their respec 
tiv e intermediate snail hosts Also there are areas in the southern Sudan 
and in West Africa where iS manront is not uncommon yet 5 litimatobtum 
IS not found at all UTiile schistosomiasis occurs in u of the 14 provinces 
of the Sudan 5 haematobiutJt is the common type m the north while 
south of the upper Nile provinces intestioa} hilharaiasis due to S mimmi 
IS the only endemic type 

Although monkeys have l>eeR found infected in nature and may have 
been an epidemiological factor in the spread of the disease in St Kitts 
human infection is usually acquired from other human cases -of the disease 
The infection is commonly disseminated by the deposition of the infected 
faeces or drainage froirs them into the water courses which contain the 
appropriate intermediate mollusc hosts Sewage from tow ns m endemic 
localities that is discharged into streams may also be a source of mfectran 

In the mountain valleys in Venezuela when the infection rate is high 
(at least 70 per cent) Scott (1940) found infection is frequently acquired 
because of the pollution of canals near dwellings but random pellution 
m the fields was also of equal importance 

The disease is acquired by direct contact with water contsimng the 
cercaciae the parasite passing through the buccal mucosa by drinking 
such water or directly through the sLm in wading or bathing Entrance 
of the cercariae may be effected through the mucous membranes not 
only those of the mouth but of the genitalia and anus and even of the 
nasal mucosa Experimental infection by mouth has been obtained but 
because gastric juice may destroy cercariae w'hcn brought into contact 
with Jt It seems probable that where cases ha\e occurred from dnnkmg 
water the cercariae probably immediately traversed the buccal mucous 
membrane and entered the veins or lymphatic vessels in this way 

In Egypt the infection ts sequued fspecully dvnog the mwifij when the watsr u 
sufficienliy shallow to permit of t high coiicentration of cercariae la the !Nj 1« regwn 
th» most dangerous period ts usually from February to June hut in the case of some of 
the inland lakes the enail incidence of Ibe disease u from October to the end of January 
Infection of the water can frequently not be deterouned by ils appearance Thus in 
Northers Nigeria andifi Kenya cascsofinfectroa have been reported bathing 

in clear limpid pools containing no apparent aqaatic vegetation 

Neither sand, filtration nor aimnutum sulphate clarification will 
remove the cercariae although they may be destroyed by chloramine 
sodium hypochlorite and gaseous cblonne Witcnbiug and kofe state 
that gaseous chlorine as the only practical method and recommend for 
this purpose a chloramine solution which contains from 1 to j parts per 
million of active chloramine (seep 1413) 

PATllOtOClf 

The pathological changes ate produced in the intestine by the ova 
Owing to their sharp spines and chitinoiiis shells they act as irritating 
foreign bodies in the intestinal wall and cause proliferation of the epr 
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thehal cells of the mucosa and an mflamimtory reaction consisting of 
thft formation of pseudo tubercles in the perivascular tissues and later on 
sm -11 absce ses B) probferalion of the epstbebum the mucous mem 
brane becomes thickened and papdlomata are often formed which may 
be very vascular By rupture of the blood vessels necrosis of the epi 
thehum and the formation ot septic foa m the must- uUiis and submucosa 
ulcerations occur m the bowel wall sometimes produced by the tearing 
off of the papillomata through the p nstaltic action of the intestine 
Evenluallv w ell marked ulcers mav be produced In some instances per 
foration of the bonel maj re ult WTicn ulcerations of the papllomata 
occur in the inieslme ssmptoms of dysentery arise tsee schistosomal 
dysentery {p 458) 

f suley (raiD expenmeniit studies m monkeys hM found the earliest lesions occur 
es pse 1 iotubereles small white nodutes consisting of fibioblaslic cells with large nun 
bersofeo mophites Lampe has also observed pseudotubctcl sin the mesenteric glands 
in h iman rases of infection They may be scattered through all organs and parlicu 
latly on the peritoneal coat of the bowel They may also occur m the mucous mem 
branei and may be seen with the stgntoido cope 

In th* User the ova nuy be found in great numbers In some 
instances in which the disease has been long chronic a form of pipe 
stem cirrhosis naj result Massne congcvtion rray occur In the 
advanced stage due to thickening of the Urge veins of the liscr a pen 
; ortal fibrous cirrhosis results and ascites is not uncommon unie s com 
pensatory dilatation of the collateral senous circulation occurs 

The spleen may aUo become greatK enlarged due in some instances 
to infi'tration nith ova but also tn ome cases cnore particularly through 
passive congestion for in many cases ova have not been found in the 
spleen Onsi however believes the o\a frcquertly are destroyed m the 
spleen and it is for this reason they are not more often detected there 

Tbe ova may stso at limes escape into Ibe tissues ot the fungv pancreas Vidneys 
adiecats myocaidiutn and even the spuial cord and can give ri e lo inflammalo'y 
changes in the oigaM Nitug (loaiV el al have rtf oited the presence ol ova found 
at autopsy in the brain and niestroe hver and tu gs The patient auiJerrd with con 
vuUions dun y He In the lungs the ova way give rise to embol sms and to smaU 
nodule which base became ccapsot ted In severe infect ons the tnfiammatory 
ptoce s may b come chrome 11 the Vangs and lead to the dktali n ol ih iitht vertricle 
i the V «a t and death iiow congisvvwi and heut tadun 

In a senes of necropsies in Egypt lesions of the lungs were encountered 
in one third and one tenth of the deaths were found to be due to this 
complication Shaw and Ghareed have pointed out that the lesions ate 
especially due to embolism by e«a derived from female flukes outside 
thp lung 

They ate filtered out in the aiterudes which accomp ny the blonch ole producing 
diffuse attenal changes Parenthyrnatorsstubutesae e found containing the ciaraclec 
i 1 c eggs In some 10 per cent of thet ca es Uie a lull norms were found u the 
pulmonary artenes Girgess has emphasized Chats rvoua involvement of the bver and 
spleen is relat vely common in c iinectiaa vnth involvenient of the intestine Ke 
altr hrtes tbe visceral t(•lonspartiCI]laIly to bHueraia produced primarily or ezcluiive'y 
bynatenorms In such cases the ova u> the taece may befew or compleiely lack ng 
Ti s view has t I be n accepted by thet observers 
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latestinal Symptoms — ^Tbe ova o{ the parasite deposited in the sub- 
mucous layer of the rectum and colon frequently gives rise to dysenteric 
symptoms from 6 to 8 weeks after mfectton Pons (1957) m Puerto 
Rico found that mttiat egg ettrusion mto the intestine occurred from 
37 to 44 days after erposure to iidectum During this period there is 
often abdominal pain frequent stools containing blood and mucus 
and also lateral sptncd eggs In some instances as a result of tissue reac 
tion occurring around the ova deposited tn the intestinal wall the dysen 
tery may become less marked or disappear for a time However it 
usually recurs later At other tunes the movements may assume a diar 
rhoeal character with the evacuation of undigested food In cases of 
longer standing small or large polypoid growths may be felt inside the 
sphincter am They also may protrude from the rectum and may be 
confused with simple liaemorthoids Polypoid growths may occur in 
any portion of the colon as high as the sigmoid UeTure The small intes 
tine IS hardly ever affected etcept in the lower part Hence in the abdom 
inal examination of the cases with dysenteric symptoms tenderness w 
frequently especially marked over the caecum 

General Symptoms — In the early stages of severe mfeetions tone 
symptoms may be noted As with S hstmalcitum there may be an 
initial dermatitis even though there » usually no appreciable tissue 
reaction at the site of eiRtty of the skm b> the cercanae General symp* 
toms which have been noted are a tcmitlent pyretia with marked abdom 
tnal pain anorexia ngors and pulmonary sy mptoms There also may 
be a diarrhoea suggested as due to the totraemw On aMoawnal eTamina 
tion in the later stages of the disease there is frequently found an enlarge 
meat of tie liver as well as the spleen Pronounced leucocyfosis with a 
high eosmophiha has been reported In cases of long standing abdominal 
tumors may form which are easily palpable and intestinal stasis or dis 
tcRtion may occur Prolapse of the rectum and inSltration of the tissues 
With eggs and fistulae are common After cirrhosis of the liver has 
dev eloped ascites frequently occurs Deposition of the ova of the parasite 
in the appendix may’ also occur and produce symptoms of a sub acute 
appendicitis as described msofccUonwith^ Aae/KatotiHm Vitug(i94t) 
has found ova at autopsy in the tiuckened piaarachnoid and in the cortex 
and white matter below it The choroid plexus showed many capillaries 
plugged with ova The patient suffered with convulsions and unconscious 
attacks duruig life 

Symptoms of Visceral Schistosomiasis — In Egypt and to a less extent 
in other parts of Africa spUaamegaly very frequently follows infection 
with Schislesoma manaom In some locabties 20 per cent of the infants 
have been found with splcBiv enhugement and anaemia ft is common 
in Egyptian peasants among the working classes at all ages up to 30 
In the young it may run a severe coarse while at a later age it becomes 
chrome and is frequently accompanied by ascites This form of spleno 
roegaly was especially described by Ferguson and Day in Egypt and by 
Richards w tbe surgical services at Cauo as amountiog to -is^per 
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cent of the cases while in a medical stud> 5 per cent of the admissions 
were due to it males being more frequently afiected than females 

The infection while resembling Banti s d seasc Lsua’l> is a sociated 
with fe\et and 5e\ere anaemia About r6 pet cent of the patients noted 
an attack of diarrhoea or djsentery at the beginning of the illness The 
usual complaint on admission was the swelling of the pleen and local 
pain InmostcascswhKhhadsuffmdforaboutavcai the enlargetnent 
of the spleen and liver was progressist causing cventuallv a characteristic 
expansion of the upper abdomen the costal angle being widely hooked 
out and the retti muscles separated above the umbibcus while the heart 
was often displaced upward There was sometimes considerable enlarge 
ment of the hser with a moderate splenomegaly The fibrotic spleen 
in ad\ anced cases may weigh 5-1* lbs The spleen on removal is u uallv 
found to be firm in consistence ^^lcroscoplcally a general hvpcrplasia 
vs evident and there ts sometimes a striking phagocvtosis of the red 
corpuscles by macrophages 

According to Dav a few ova ol S mamont may be present In 
other instances the ova may not be found in the spleen Onsi (1937) 
however states that failure to find ova in the spleen may be due to the 
fact that the spleen rapidly destroys ova deposited m U 

lie has reeommeadrd lot the findini of ov« m the caUrged spleen macerstioo of the 
tissue u so per eeot sods solution tod subsequent ccninfu jstion The igg» * e ollea 
pbsgoeytued by giant cells nd nuinetous eosinophil s may be present in the tissues 
Aftet studying 1400 cases of Egyptian splenotnesaly he believes the splenic enlarge 
mentis due to response of the icuculoeodotbebalu sue of the spleen to deposit or of uva 
in it At a result there is acellular response wl icbqu ckly ends in dii estion and removal 
of the sot d temsants (.parts of the egg shell) of the 0 a \\ iib Irequent repetition of 
the process under the c nlition o( (eipetual to-mfeciion in which the patients live 
tl ere is produced uliimately a condition of petmsnent hyp rpUsia and fibrosis 

lie things the splenic enUrgem nt is not depetideot on either intestin 1 or hepatic 
le ions 

Howe ei some authors have emphasized that the number of ova may be very 
small m either the Uver or the spleto and lot tiiflc ent to accou t for the eslensive 
cinhotic changes seen esptciaUy » the bvti fnVheWtetstagesofVhediscase lepatic 
lesions are usually prominent and the picture on of multilobular cirrhosis with isolated 
nccroticfoci sometimes contaim gova In some instances the Iyer becomes shrunVen 
and adherent to the diaphragm 

The symptoms of £gyftton splenomegaly ate very varied There may 
be irregular fever wasting and marled vi ible anaemia The spleen 
hard and firm may often reach lo the umbilicus The liver in the early 
stages IS also usually enlarged Vonuting and diarrhoea arc frequent 
Intermittent dysentery may also occur Haematemcsis is often present 
Jaundice is tare Vomiting may be a commoq feature The blood 
picture varies at different stages of the disease In the eatU stages there 
may be a distinct leucocyto is Later as the anaemia becomes progres 
sive and of the chlorotic type leucopema occurs and there is frequently 
a mononuclear increase The patient often succumbs to the hepatic 
cirrhosis accompanied by ascites and emaciation Death is frequently 
due to pulmonary complications 
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Intestinal Symptoms — The ova of the parasite deposited in the sub- 
mucous la>er of the rectum and colon ftequcntlj gives rise to d)sentcric 
symptoms from 6 to S weeks after infection Pons (1937) m Puerto 
Rico found that initial egg extrusion into the intestine occurred from 
37 to 44 da>s after exposure to infection During this period there is 
often abdominal pain frequent stools containing blood and mucus 
and also lateral spined eggs In some instances as a result of tissue reac 
tion occurring around the ova deposited m the intestinal wall the dysen 
tery may become less marked or disappear for a lime However it 
usually recurs later At other limes the movements maj assume a diar 
rhoeal character with the evacuation of undigested food In cases of 
longer standing small or large polypoid gronths may be felt inside the 
sphincter am They also may protrude from the tectum and may be 
confused with simple haemorrhoids Polypoid growths may occur in 
any portion of the colon as high as the sigmoid flexure The small lotes 
tine is hardly ever affected except in the loner part Hence m the abdom 
inal examination of the cases with dysenteric symptoms tenderness is 
frequently espcculiy marked over the caecum 

GesetaJ Symptoms — In the early stages of severe infections toxic 
symptoms may be noted As with S haetnolehtiim there may be an 
initial dermatitis even though there is usually no appreciable tissue 
reaction at the site of entry of the skin by the cercanae General symp- 
toms which have been noted ate a remittent pyrexia with marked abdom 
mal pain anorexia rigors and pulmonary- symptoms There also may 
be a diarrhoea suggested as due to the toxaemu On abdominal examma 
tion m the later stages of the disease there is frequently found an enlarge 
ment of the liver, as well as the spleen Pronounced leucocytosis with a 
high eosinophiha has been reported In cases of long standing abdominal 
tumors may form which are easily palpable and intestinal stasis or dis- 
tention may occur Prolapse of the rectum and infiltration of the tissues 
with eggs and fislulae are common After cirrhosis of the Iner has 
dev eloped ascites frequently occurs Deposition of the ova of the parasite 
in the appendix may also occur and produce symptoms of a sub acute 
appendicitis as described in infection with ^ haematobium Vitug(i94t) 
has found ova at autopsy in the thickened piaarachnoid and m the cortex 
and white matter below it The choroid plexus showed many capillaries 
plugged w ith ova The patient suffered with convulsions and unconscious 
aftecks dsriag hie 

Syrmptoms of Visceral Schistosomiasis — In Egypt and to a less extent 
in other parts of Africa spkmmegalv very frequently foUows infection 
with Schistosoma inansont In some localities 20 per cent of the infants 
have been found with spleniv eidargement and anaemia It is common 
in Egyptian peasants among the working classes at all ages up to 30 
In the young it may run a severe coarse while at a later age it becomes 
chronic and is frequently accompanied by ascites This form of spleno 
megaly was espeoaliy desenbed by Ferguson and Day in Egypt and by 
Richards m the surgical services at Cairo as amounting to a^per 
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bebe\e that infection with 5 mansont is more difficult to cure than that 
with S haematobium 

Z>e and others have employed rectal injections of tartar emetic and 
reported that the> are especially advisable for small children who take 
16 grains b> rectum (1 grm ) without toxic effects The amount of the 
drug absorbed is not known Five to seven daily injections have been 
recommended 

Khalil has emplojed fouadm extensively in the form ol intramuscular 
injections but it has not appeared to be as efficaaous as tartar emetic 
\ few cases of sudden death occurred after treatment and he believes 
that idios>ncrasies to the drug may occur The rate of renal excretion 
IS most important and any degree of kidney damage is a contramdi 
cation to its use Usually after 5 injections only dead ova were found 
in the faeces According to ^yplian statistics in 1934 of the total 
number of cases which received 9 or more injections of Fouadm number 
ingi 938 fifty three per cent were cured ji percent required ii injections 
and the remainder required even more After 13 injections signs of drug 
intolerance were noted Khalil bad relapses m 33 per cent of his cases 
Emetio has also been recommended as efficacious Maciel has recom 
mended 0 6 grm (about 9 grams) given in a senes of 10 injections the 
initial 2 injections being gr and the remainder 1 gr Emetm treat 
ment is advised for those patients for whom antimony treatment seems 
inadvisable 

Operative Treatment — In advanced cases with ascites the injury to 
the liver obviously cannot be repaired by specific treatment Tapping 
of the abdomen is frequently necessary for rebef of the symptoms due to 
ascites In early cases before the development of ascites Richards 
Coleman Bateman and Sliven have recommended splenectomy for the 
rehef of the splenomegaly and accompanying symptoms However the 
mortality rate in some series has been about rs per cent Some of 
the deaths w ere due to late ^ock Sliven emphasizes that there should 
be great care in the selection and preparation of the cases for operation 
Ascites heart disease and debibty are contraindicative Five or six 
weeks treatment preliminary to operation is advisable The weight 
of the spleens removed by him averaged 3*^ lb» The favorable effects 
appeared in many of these cases to be permanent and ascites did not 
develop In the early stages Day has found that the splenomegaly may 
be favorably influenced and the accompianying symptoms disappear 
after tartar emetic In cases with extensive disease of the rectum surgical 
treatment with excision is frecjuently advisable 

Prophylaxis — The problems relating to the prevention and control 
of the disease are practically the same as have been outlined for S haema 
(o 4 i«w infection on p 1413 

III Schistosomiasis Produced by Schistosoma japomeum 
Synonyms — Katayama disease Oriental schistosomiasis 
Definition — \ chronic disease produced by Schistosoma japontcum 
characterized by chronic dysentery great enlargement of the liver and 
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Pulmonary Complicabons —Pons (1937) jn Puerto Rjco found cough 
tnvariablj present m the earlj cases and tenderness over the liver spleen 
and intestines 

Mainzer (1930) nho made a study of serial radiographs in Alezandm 
found that in infection with S mansont latent pulmonary invohenient 
IS usuallj present even in case& with no clinical pulmonary sjmptoiBsand 
that It becomes apparent about 3 nionth» after infection 

XXe describes the \ ctyappeanBa of the pulmonary Juions as consistwg of distinct 
foci vat>ing in swe cienvitv and dislnbudon tcu'ceasej strution and unchanged and 
intensified hilar shadows Cough f^ver and wasting jnay si/auJate tubercutosa and 
after tbe destruction of the parasites copttacting fibrosis may constrict the bronciuolw 
or vesicles He bebeves however that tulbarsiat asthma is <n al ngic pbenosnenon 
depending upon the consiitutiorui factors and substances liberated by S harmslobian 
or S maHsofis It does not depend on lesions of tbe lungs brought about by the para 
site ince pulmonary infection is constantly found in schi tosoimasis and the a<ler ic 
nature of the condition u shown bv its association with urticaria and bv its hereditary 
transmission That it is due toSchtstasameintecUonis demonstrated by tbe patailei n 
of the course of tbe t conditions and its disappearance after sp cific therapy 

Among the rarer complications ibrombosis of the portal vein and eartiooms of the 
liver have been recorded The disease is usuallycbronic and may last ro years or more 
SfagaUiaes and Coelho (tpai) found in Btaail 8 cases of fiver cirrbo is with primary 
cancer In s of these Sektslasetno moisem were pres nt and ova were encysted in t^e 
connective ti sue They think th^ effect due to tbe tours of the parasite 
PitOO JOtifS 

As la mfection with S haematobium, jt is very vjnabk In miW 
infcttions Utsgood and in such cases the disease js frequently successfullv 
treated In the case? with hepatic cirrhosis or splenomegaly arcompanieil 
b> ascites the prognosis is unfavorable and the patients arc not usually 
greatlj improv^ even by intensive treatment with antimony In sut-b 
instances the disease is usually chronic and some of the patients may live 
for years In cases with ulceration of the intestine, ettensive papillomata 
of the rectum and dy^nterj the prognosis is usually unfavorable Death 
is also bomettmes due to pulmonary complications 

The diagnosis of 6 chtsiosoma mansom infection is made b> firding the 
characteristic lateral spined eggs in the faeces They may be seen under 
a lov power of the microscope In about 5 per cent of the case in 
Egypt ova may be found in the urine as well as in the faeces Tndysen 
tenc cases it is usually unnecessary to use concentration methods for 
tbe discovery of the ova Scott (1937) retommends that 3 xoulne 
faecal sbde examinations be made and that such etaminations must be 
supplemented by sedimentation He found rectal swabs to be especially 
efficient for tb^’ recovery of the eggs If only male worms are present 
in the infection, no ova will obviously be found in tbe dejecta In such 
infections the eiammation of the serum by the complement fixation test 
with a trematodal antigen may be of assisfanre (See p 141? ) 

Tpeatmestt and PaowivtAxxs 

Treatment is similar to that outbaed for Schistosoma hoemalobium 
(see p i4^S) account of Uic extensive involvement of the liver 
V hich may be present m the infection with A" mansom it should be boro'* 
mind that intolerance to antimony may be great Some observers 
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jtoatn tban id tbesa apcoes T^e coiles neuiiK t^-2o lom Tbe cuticle i» rtia 
lively smootli but is covered with muuite acunuDatr spiats Their sides itiiclcl 
more markedly chan do those of the pztceedmi; species UsuaUy 7 testes caa be dis 
tinguished The (emales average about zs mov lalecgth and theur laccgumeBt w also 
covered with minute spines The ovary lies fust postenot to the nuddle of the body 
In both 8 its the gut brartthes reunite in tla postenot fork of the body Tbs ultruj 
cohsisls 0/ a long straight tubecontaiiNOgasOMoyai joovaal one flaw Tieovaare 
oval transparent and when passed m the faeces measuTe about ysr-pon by s<^-do 
They have a smooth sh U bat usually show a rudimentary or lateral ^me oe knob tiear 
one end Ked blood celb and other tissue edit are soiuetimei t ea adherent to the 
shell The eggs are excreted oiUy in the faece* 

Transnussian — 'The eggs ythen passed m the faeces ate ustiaUj 
mature and rvhen wafer ss added ft> tic faeces the> hatch the miracidtum 
escaping through a rent sa the sheU and swimming about in the water 
It closely resembles that of S hoemalobtum and differs only in its some 
what smaller size and in certain mtoute internal structures 

Oa reaching a suitable ttuihtmim the soft tissues of tbf mollusc and in the course 
of 5 7 weeks undergoes a two fold multiplicative ptocese with (he successive productiOR 
ot fi»t asd second gene atioa sporocysts with typical forked tailed cerearue the (true 
ture of which also u almost identictlwiOithatoCd Ao mar hiutnaadS msor^s An 
important diSctcntuting chacactenslic however is the presence «{ $ pairs of petietri 
tMU glands Or co&tact wiih the sLin of the oairn al the ctrianee lose their taile and 
n tlM course of a short time penetrate into the capillaries ol the skin and enter the 
venous « eulatym being carried through the right heart to the lunp and thence to ths 
pulmonary cspiUenes end the left heart into the systemic circulation According to 
Fsust (1940) only those mdnidiuls uhicfi rtacb the intts btpetic pottal tircuiation 
via the mesenteric artery and capdlati e grow and migrate out to the vcsules of the 
superior and aescntenc vessel Ytithio $ weeks the parasites have mated and the 
femab-s are laying ova 

MoUuscan Host* —The appropriate snails which are kwown to serve as the inter 
mediate host for 5 um in Japan and along the coast of Cbna art acuordiog ta 

Bartseb (iQjd) various H^aes of OncemeCaR e Asl4>sma and Sekutatamafk ra 
Taust bs a the following AeTayome n tof ! era m Japan and along the coast of Chiaa 
A /v me n 10 in Formosa One meien a haftnstt in the ksnglse Basis 0 Ayd ebta^su 

fSyn Btonja J>0 guodrd »} iR Uyte riiiJippuie I^nds There is stiB much discussion 
alMut the comenciatuteofsomeol (btsespeaes Stiailsol this group are only 7~ioinm 
long with high spired shells and ate openuUled 

£pII>CMIOLOGy 

The parasite IS by DO means confined to mao but infects naturally cats dogs cattle 
horses aud p gs goats and sbttp among domestic animals aud also feld mice Cattle 
and water buSalMs ait also usporhsat reservoir hosts in certain eademic (oci Taust 
I1940) reports that congemUl mfcetions have eccasumally been recorded for mao 

The dtuaso u acquiKd by man sumlarly as IIS 5 MOHron infection by d red con 
tact with infected water coMaisiag the cercanat 

PAtuoroov Aton S'mtrosiATOi.oGv 

The course eC the disease may be divided nto 3 stages ( ) the meubatton period in 
which urticarul pulmonary and febrle nunrfestat 00s may be preseat Tlua stage 
may last for about a month (s) that of depomtioo and eatrus on when the ova appear 
in the bloody mucus stools wad <3) the p«iodD( tucther tissue destrucUoo and proUfet 
atwti whch may be eventually ciiarartenzed by arrhosis of thehver ascites cachexia 
and death 


B nne(is4«) (<diA 
were infected with 5 ]3p 


the Celebes toiiiid that the village dogs used in huatmg pigs 
w< iim as were she mU deer 
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spleen, and subsequent development of ascites^ anaemia and a termmil 
cirrhosis of the liver 

History and Gf ocavniicvL DiSTRisiniov 
History — The disease was apparently first mentioned by Fujn in Japan in 1847 an! 
for many years was recogniaed as an endemic infection characteriied by enlargement of 
tbehvtT splenomegaly asciVta cathtua and dysenteric symptoms Mapma iniSSS 
found ova in a cirrhotic liver and m tgo4 Fujinami discovered the adult trctnatode 
S japonico in the portal veios of a Cat Katsarada succeeded m communicating the 
infection to cats by immersing tbeirlegsin the water of certain ponds said to convey the 
disease and first found the adult parasites in infected dogs and cats The espenmental 
work of rujinarai Miyagawa and especially of Miyaira and Suzuki (1913-14) demon 
strated the life cycle of the organism through the snail and the method of cutaneous 
infection of man an observation confirmed the following year by Leiper and Atkinson 



Geographical Distribution — Its distribution is apparently confined 
to the Far East It is common m certain districts m China and prac 
tically the whole \angtse valley is infected Faust has estimated that 
in China tens of millions of people are yearly exposed to infection 

In addition to the T luglse basin the coastal areas and the llekong v alley are serious 
endemic foCi Recently an endemic center baa been reported atShmchowontbenorth 
nveftnear Canton and also at Foochow (rahien) It has also been found on the 
Burmese border In Japan s comparatively small foci are known it being especially 
prevalent lO the province of lliroshiiaa and in the village of Katayama The disease 
has also been found in Formosa and in the southern Fhilippme Islands of Leyte Samar 
and Mindanao An area of infection lias also been found by Brug and Tesch (i037) 

*lf«fpWcfy~Tbe parasites resembled iatmatohum md S manseni but lack the 
tuberculaUons of the integument Also the acetabulum or ventral sucker is larger and 
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Stovte; tbsQ la cb«se speaes Tbe males nKuare tt~iO mm The cuticle u rtle 
tively smooth but is covered with onnate MunuDSte spines Tieir sidw infold 
more tnacVedly than co those of the preceedug species Ksually 7 testes esn be dis 
tTOfiiaied Tie females average about ajsun *» lecfti and tbeiriotegumeiit isalso 
covered with minute spioes The ovary hes ^st postenar to tbe middle o! the body 
In both sesei the gut branches reunite m tlie posttnor {ocb td the body The uterus 
consists <jf a long straight tubeconUiftingasmafty as S® ova at one time Theovaate 
ova! transparent and vhtn passed in the faeces measure about 70-^M by 50-60 
They have a smooth shell but usually show « fudimentary or lateral ^loe or knob near 
pne end Jted blood cells and other iBSoe cells ate sometunea seen adherent to the 
shell The eggs are excreted only in the faeces 

Transsaisston — The eggs when passed in the faeces are usually 
mature and when valet is added to the faeces they hatch the rairacidium 
escaping through a rent in the shell and sftiiatmftg about in tbe ivater 
It closely resembles that of S hactnahktKtn and differs only jn its some 
tthat smaller sue and in certain nuoute internal structures 

Oo laachisg a suitable soail it tnicrs tbe soft Pssues of the aiDbusc and in tbe course 
of 5 7 weeks undergoes a two fold multipbcative process with the successive productiOR 
of first and second generatian sporocysts with typical terked tailed cercariae the itruc 
lure ef whveb also is almost identical with that eiS Mt wo/ 1 urn asd 5 wowji An 
impottant diffetMilating charaetenstic however is tie presence of s pairs of penetra 
tun glands On contact with the shsn of tbe saBinal tie cercanae lose tior tails and 
■a the course of a abort time penetrate into tbe captUanes ot tie skiA and enter tie 
venous <1 cuUtion heiog carti^ through the nght heart to tie lungs and thence to the 
pulmonary capdUnei and the left heart into tbe systemic circulation According to 
Faun (ig^o) only the e lod vtduab wbicb rtatb the intra hepatic poital tirculatino 
via tbe aesMtene artery and capiBanes grow and migrate out to the venules of the 
superior and metencenc vessel Uithio $ weeks tie parasites have mated and tbe 
females are laying ova 

Molinscan Kosla —Tie appropnaie sasifs which are known to nerve as tie inter 
medute host for £ j m Japan and along lie coast of China are accordiug to 

Bartsch I1936) vinous species of OiKimdana katayama and Schttltsanafkara 
fause listk the following Aoieyoma neiep/sra in Japan and along the coast of Chma 
K / me 0 o la Formosa Onumtlfia kaffit in the \anglse Basia 0 kyd tbikfsiS 
(Sjn Bfan dio fuodrasi) m Leyte rhihppioe Island* There i**ullnttcidi8cu»siOB 
atwut the Bomenclatureof some of these species SnaiUof this group ere only 7-tocam 
long with high spi ed shells and are operculated 

ErroEsiiotoc-Y 

Tieparasite IS by no means cmifined to man bat infects naturally call dogs cattle 
horses aad pigs goats and sheep among domesticaoimals and also &eld nu e Cattle 
and water buffaloes are also impoclast reservoir busts in certain eodemic foci Faust 

(loro) rep rt] that congenital mfeebooshave occasionally been recorded lor man 
The disease is acquired by man similarly »s la S marueB laf ctioa by i reel ton 
tact with infected water contaisiog thecescariae 

PATJfOlOOY AMO S«mO«ATDI.OOy 
The course of tie disease may be divided mta gauges (1) the lacubatwn period in 
which uilicanal pulmonary and iekede Oian f stations may be present This stage 
may last for about a month (i) that of deposition and extrusion when tie ova appear 
lA the bloody mucus stools and (j) tie peeiod of further tissue desitttcUon and proUfer 
atioD which may be eventually cbaractensed by or iosis of thebv« ascites caeheaia 
and death 

B nne ( 941) / oi 10 the C lebea found that the village dogs used in iuBtmg pigs 
were infected wtUi S jafm am assretetbevnld deer 
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spleen and subsequent de\eJopment of ascites anaemia and a terminal 
cirrhosis of the h\er 

History and GEOCRinmcAt Distrujutiov 
H istory — ThedueaseiiasappumitlYfirst mentioned by Fu]ii in Japan u 1847 mi 
for many years was recogniaed as an endemic inlection characterued by enlarsementof 
the Lver splenomegaly ascites cachexia and dysenteric symptoms Majima in tSSS 
found ova in a cirrhotic liver and in 1904 Fujinaou discovered the adult trematode 
5 jtponica m the portal veins of a cat Katsurada succeeded m comraunicaUng the 
lofection locstahyimiKeningthwleistn the water 0/ certain ponds said lo convey tie 
disease and Srst found the adult parasites in infected dogs and cats The eapenmentsi 
work of Fujinami Miyagawa and espeaaflyof Miyaira and Suzuki (1913-14) demon 
strsted the life cycle of the organism through the snail and the method of cutaneous 
infection of man an observation confirmed the following year by Leiper and Atkinson 



Fl<3 J4t — Efcg of Sch slosoma isponicnm containcnfc tJie c hated larva or in eaciiiaia 
(ram Cr sh faeces □( man (Photo PathologKal Institute Batavia Java ) 

Geographical Distnbution — ^It> distribution is apparently confined 
to the Far East It is common in certain districts in China, and ptac 
tically the whole 'Vangtse valley is infected Faust has estimated that 
in China tens of millions of people are yearly erposed to infection 

In addition to (he \acgtse basin Ibecoastalxreasaod thehlekoog vaDey are serious 
endemic foci Recently ao endemic center fcai been reported at Sbiucboiv oa tie north 
nver near Catitoci and also at Fooebow (Tubien) It has also been found on the 
Burmese border In Japan s comparatively small foci are known it being especially 
prevalent ta the province of Ifirosbima and an the village of Katayama The disease 
has also been found in lortnosa and m (be southern Fhihppme Islands of Leyte Satnar 
and Mifldanao An area of infection bas also been found by Brug and Tesch (igsi) 
111 the Celebes , , 

Iforpholtty — The parasites resemble J iaemntolnum and S tuansont but belt tne 
tuberculations of the integument Also the aceUbuIum or ventral sucker u larger and 
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These s> mptoms are apparently due not only to the infiltration of the o\ a 
m the tissues of the intestinal wall but into the periportal tissues of the 
liver and other organs where pseudotubercles and abscesses may de\ elop 
around the ova Hoeppli believes that the irritation caused by the eggs 
is not only mechanical but chemical as well and that the discharge of 
secretions occurs through the shells of the eggs still lodged in the tissues 
Giant cells frequently develop within the pseudo tubercles which later 
become encapsulated by fibrous tissue In the liver spleen and lymph 
nodes endothelial cells are frequently seen contaimng haematin pigment 
During these inflammatory changes in the liver and spleen the fibrous 
reticulum becomes increased and these organs gradually become greatlv 
enlarged The mesenteric lymph nodes also become swollen Changes 
m the viscera are usually much more marked m Schistosoma japomciim 
infection than in that due to Schistosoma mansom because the infections 
with the former are usually much more severe and the daily output of eggs 
by the corresponding parasites is much greater Also there is greater 
proTimity of the parasites to the liver when they arc present in the superior 
mesentenc veins 

The third period of tissue probferation gradually develops The 
liver gradually diminishes m size as its parenchyma cells are replaced by 
fibrous tissue The spleen however continues to enlarge especially on 
account of the circulatory congestion Ascites is a very common develop 
ment and especially depends upon the amount of hepatic cirrhosis In 
the bowel wall abscesses frequently develop around dusters of the ova 
with the development of papillomata and later ulcerations are formed 
Finally the intestinal wall may become greatly increased in thickness and 
later on contractions from fibrosis may occur 

The male and female worms are often found together m the distended 
veins of the submucosa for m this species the females do not leave the 
gynocoponc canal of the male when laying eggs but merely move forward 
in it (Chandler 1940) 

When the intestinal walls become thickened more and more ova are 
swept back into the liver Yamagiwa has pointed out that the ova may 
cause embolic closure of the portal vessels and may serv e as an additional 
factor in the production of the portal cirrhosis In some instances the 
ova may reach the lungs bladder or even the capillanes of the brain 
They have also been found in the lymph nodes Africa and Santa Cruz 
(1939) have also found the ova in the myocardium where a large number 
of eggs were found m typcal pseudotuberdes in the intraventricular 
septum of the heart Sections of the heart showed under the low power 
a close resemblance to tuberculosis on account of the presence of numerous 
giant cells Ova were also found m the intestinal wall liver lungs kid 
neys and brain of this case JacLsoman fits hemiplegia and even total 
blindness as the result of deposition of the ova m the central cortet and 
destruction of the visual centers have been reported Garcia has found 
the ova in the tissues of a chronic ulcer of the leg of a child in the Philip 
pines Ova were also present m the faeces 

The third or final stage of the disease may not occur until 3 to $ y ears 
after infection When the hver and spleen become markedly cirrhotic 
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In the first stage there may be headache and an evening rise of 
temperature to about loi^F or io2"F Shortly after the onset, urticanal 
lesions sometimes 5 or 6 centimeters in diameter maj appear and dis 

appear on various parts of the bod> This 

condition has been termed kabure The 
urticarial rash, accompanied byfever may 
Ll ^ develop as early as the fifth day after 

^ exposure It may be accompanied by 

oedema of the subcutaneous tissues and 
the wheals may be present both in the skin 
iv ^^*5. tnd sometimes in the mucous membranes 

, The pulse rate is usually low Very 

^ ^ *4 charactenstic and early manifestations are 

I '' those of pulmonary involvement Here 

I j \ oedematous patches may give on ausculta 

^ f tion signs of crepitation and consolidation 

\ V ' *»nd these may rapidly disappear and 

Y reappear in another part of the lungs 

\ J The pulmonary manifestations and as 

, \ ^ soewted /ever sometimes have caused a 

y ^ diagnosis of broncho pneumorna to be 

\ J made A dry hacking cough appears early 

♦ 1 ^ I and with the fever may cause one to think 

v 1 of tuberculosis The urticarial lesions 

\ have caused a diagnosis of ptomaine 

j poisoning to be made The blood examine 

I I tion may show a leucocytosis and a 

/ marked eosinophilia of from 30 to 60 per 

j| cent A toxic diarrhoea generally develops 

V toward the end of this period 

‘J The second period, beginning with the 

1 deposition of the eggs in the tissues com 

- prising the wall of the intestine and their 

^ discharge into the lumen of the bowel is 

■Vl) frequently accompanied by a profuse 

(kH dysentery The eggs m the faeces are 
Sometimes surrounded by a lay er of cellular 
Fio 34 * — Ca$ of Sch stosom debns At this period there may be re 

siTy.". ^ 

abundant in tools Liver duiin s tenderness over the abdomen and large 
dim nished Spleen not enlarged tender liver and Spleen and loss of appetite 
<Prom Jefferys and axwU) and weight The acute attack often ter 
ininates m from 3 to 10 weeks when the fever often subsides and the other 
symptoms ameliorate Exercise may cause exacerbation of the intestinal 
symptoms The blood picture frequently changes from that of the pre 
vious one of leucocytosis and eosmophilia to that of a secondary anaemia 
with crythropenia leukopenia and reduction in the eosinophile count 
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These symptoms are apparently due not only to the infiltration of the oi. a 
in the tissues of the intestinal wall but into the periportal tissues of the 
liver and other organs where pseudotubercles and abscesses maj develop 
around the ova Hoeppli bebeves that the irritation caused b> the eggs 
is not only mechaiucal but chemical as well and that the discharge of 
secretions occurs through the shells of the eggs still lodged in the tissues 
Giant cells frequently develop within the pseudo tubercles which later 
become encapsulated by fibrous tissue In the liver spleen and lymph 
nodes endothelial cells are frequently seen contaimng haematm pigment 
During these inflamraatory changes in the liver and spleen the fibrous 
reticulum becomes mcreased and these organs gradually become greatlv 
enlarged The mesenteric lymph nodes also become swollen Changes 
m the \i5cera are usually much more marked in Schtslosoma japomeum 
infection than in that due to Schtslosoma mansont because the infections 
with the former are usually much more severe and the daily output of eggs 
by the corresponding parasites is much greater Also there is greater 
proximity of the parasites to the liver when the> are present m the superior 
mesenteric veins 

The third period of tissue probferation graduaUy develops The 
liver gradually diminishes >n site as its parenchyma cells are replaced by 
fibrous tissue The spleen however continues to enlarge especiall> on 
account of the circulatory congestion Asates is a ver> common dev elop 
ment and especiaU> depends upon the amount of hepatic cirrhosis In 
the bowel wall abscesses frequently develop around clusters of the ova 
with the development of papillomata and later ulcerations are formed 
Finally the intestinal wall may become greatly mcreased in thickness and 
later on contractions from fibrosis may occur 

The male and female worms are often found together in the distended 
veins of the submucosa for in this species the females do not leave the 
gynocoponc canal of the male when laying eggs but merely move forward 
m it (Chandler 1940) 

When the intestinal walls become thickened more and more ova are 
swept back into the liver kamagiwa has pointed out that the ova may 
cause embolic closure of the portal vesseb and may serve as an additional 
factor in the production of the portal cirrhosis In some instances the 
ova may reach the lungs bbddei or even the capillaries of the brain 
They have also been found in the lymph nodes Africa and Santa Cruz 
{1939) have also found the ova in the myocardium where a large number 
of eggs were found in typical pseudotubercles m the intraventricular 
septum of the heart Sections of the heart showed under the low power 
a close resemblance to tuberculosis on account of the presence of numerous 
giant cells Ova were also found m the intestinal wall liver lungs kid 
neys and brain of this case Jacksonian fits hemiplegia and even total 
blindness as the result of deposition of the ova in the central cortex and 
destruction of the visual centers have been reported Garcia has found 
the ova in the tissues of a chronic ulcer of the leg of a child m the Philip 
pines Ova were also present m the faeces 

The thud or final stage of the disease may not occur until 3 to 5 years 
after infection When the liver and spleen become markedly arrhotic 
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ascites and oedema of the eTtrenuties is common together with anaemia 
and exacerbations of the dysenteric symptoms The patient may finally 
die of exhaustion or some terminal infection 

Fsocnosis 

In se\ere infections with ^ japontcum the prognosis is unfavorable 
unless treatment can be given fairly early m the disease and before the 
viscerallesions are well advanced In fact in verv advanced stages with 
cirrhosis of the liver and splenomegaly and ascite» treatment is usually 
ineffective and the patient eventually dies of exhaustion or some terminal 
infection 


PtACNOSIS 

Specific diagnosis depends upon the discovery of the characteristic 
ova m the faeces They are often found in the adherent mucus \Vhen 
not numerous the faeces may be emulsified, strained, and sedimented 
and the sediment examined for ova Flotation methods are unsatisfactory 

Ftilleboin sugs<stedwajhiR$ thesediment aor jtuseswitb a ^perceatsalt solution 
sod each time allomng the eggs to sediment $ minutes lo the dark and decsntmS tbe 
fluid Then distilled water u added to tbe preparation and exposed to tbe light at a 
temperature 0/ jao T The iniracKba h»teh qattUy a»t} hy using a hand Jens maybe 
seen swimoimg about near tbe surface Those of S ijemohham however do not mo 
to the surface 

In the first stage of the disease the eggs may not be present in the 
faeces In such instances a positive compliment fixation test as devised 
by Fairley and described underS haematobium diagnosis may beof value 

The presence of cosinophilia and evidence that the patient has lived 
in an endemic area may also suggest (he diagnosis 

In later stages of the disease where the ova cannot be found m the 
stool Faust and Mcleney have suggested that the aldehyde or serum 
globulin test is strongly positiv e in many cases 

The disease in its terminal stages roust be differentiated from Banti s 
disease and from Kala azar Tbe dysentery roust be distinguished 
especially from the amoebic or bacillary form and from intestinal tuber 
culosis The hepafic symptoms may sometimes suggest amoebic hver 
abscess 

Treatment 

Treatment with antimony tartrate has been found equally efficacious 
in killing off the adult parasites as m the case of S fiaemalobium infection 
According to Faust and Mcleney 23-30 gr of intravenous tartar emetic 
over a period of 18-20 days is usually curative in the early stages of the 
infection Cawston first reported inlramuscular injections of the ^odlUIn 
salt as successful in the treatment of schistosomiasis of Asiatic origin 
Since anttmonj by 'em is contraindicated in patients with advanced 
hepatic cirrhosis as well as in those with anemia heart disease or nephritis 
it may be more advisable to empli^ emetin hydrochloride in some cases 
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As a result of the experimental studies on 5 spindahs infection of the 
goat Fairley found that emetin given intravenously m 10-15 injections 
varying between 0 7 and i mg per kilo of body weight caused the rapid 
death of the parasites and was more efficacious than tartar emetic 

Tyskalas claims that emelin given mtrave 
nously in doses of zY gr daily for 10-14 days is 
superior to every other specific However toxic 
symptoms diarrhoea vomiting and neuritis are 
apt to occur 

Fairley also found m goats that fatal verminous 
thrombosis of the pancreatic and portal veins 
might occur as the result of the presence of dead 
parasites 

In the treatment of the splenomegaly splenec 
tomy has been employed to some extent but so far 
with little success as in most cases the hepatic 
cirrhosis *has usually been well advanced at the 
time of the operation 

Prevention 

The disease is primarily confined to nee farmers 
and canal boat men in the endemic areas m the 
Far East However personsbathmgorwadmgin 
the irrigation ditches canals and pools are also 
exposed and may contract the infection Sports 
men occasionally become infected in snipe shoot 
mg in the endemic areas The urban population 
are not seriously endangered except when through 
flood the infected snads may pass through and 
contaminate the water supplies of towns and 
cities It should be borne in imnd also that dogs 
and cattle in China may serve as reservoirs and 
in Japan field mice may be important sources of 
infection 

For prophylaxis the water suspected of being 
capable of causing the disease should be boiled or » case ot j p a s shito- 
avoided for drinking or bathingpurposes Sports pQ™po ^ condT th'^ 
men and others finding it necessary to wade m at ta imu a (Army 
suchwatershouldwearlongboots Thesteriliza ph to 

tion or sanitary disposal of the faeces of the cases ^ ) 

of schistosomiasis should be earned out where practicable The cercanae 
die in 3 to 4 days in stored water The control problem is more com 
plicated than in schistosomiasis due to 5 " ma«son» on account of the 
common use of human mght soil for fertilizer in most of the endemic 
areas Attempts should be made to allow the night soil to ripen longer 
in containers ortodisinfectitwithfertihzersalls as ammonium nitrate in 
order to kill the ova before the fertilizer is spread on the fields 
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Another important point tn the control measures relates to 
of snail Ail the species that seta cas the tnterraediate host ate amphibious 
in habtts and can withstand desiccation for a month or mote m cir 
cumscribed endemic areas the Japanese have reported some success m 
chminatmg the snails by spraying them with live steam and b> 
irrigation ditches According to hiaragaj asht lime ‘“f 
,3 the most economical zeagcnt for the extermination d the snails and Ms 
the cercanae m 30 minutes In the very ettensive 

China however the actual location of the infected snails is rarely 

and hence antiraolluscan campaigns are not practicable 

Rarer SaiiSTOsosiAL Isfectiovs of Man 

Schistt.SMn.bOTis (SoMino .876) »>-n 5 «««*« '®|:! *1 [fSp Ss 

cattle and other herbivorous animals in Africa Jfe Bdcian inso Southtro 

Europe ItbasbeenreportcdformaninalnviMUncwrothe^ „«mble those of 

Rhodesia and Vatal Tlie «bb» discharged m the 

S hatmhi,»m but are usually longer and nariower 

tWr-iSoMlongbyab-reiM Unl.k «5 

the intestines The intermediate snail hosts ate the «me as tiw« wr .u«eptiWe to 
Dodeanell tw 8 has found that m Kenya Colony Fhy,el>sit nmla is ni««P«° 

‘"'Stosowa apfidale (Montgomery 193d) •> a “ irSil'S*" 

and goats especially w India and the Fast “ ve M^aa^h 

and sometimes causes s inonng disease «» “”'* ' utmary »ysl«o 

nose it produces lesions sftmewhat similat ‘* *'’'”* where ova wett 

A cL. .1 hm.. "S’t d.. id S *•«»', 

vs uriM If null « rJuk.t ■> 

i3i»3» which oeemred and that Ihe nsher a ho sludjed thwe a^* 

more clmeitti ihan lhc.c Wia.l ot S Ji—W j" ' „ici„il). locja aa^ 

kriitarf ihcy hclone to a M.ictI •n'ci'a “ Si , mm a li.sth ol 

more .lento "Uli • •«» torfoprf '1 ' ,5t Drfmi. Crdo by ihn » “'t ani Sw<l 
m. tammal .pi™4 ova loond .n ta.cc m the Erfpan kW ny i 

gioond ».re...ri to" «« •»• >"<> in by T,xc la »•" 

they .0.0 only ..ly .luhtly W' 5Sr“i. Si m ..dll. amt ‘kyy «" 

hnaMiu » osp i.o to .to. " S S,„ Borebo (iMO) I** ‘“'’'I'' 


luDUUOUBKUkk*"*"—-'’- 

,is being placed m a subspecies ,_ted to infect about S® P*r «"* 

InYakusu ‘f’' d^ury abdoewn^P*'" ^*‘"6 
riaiMren The syroptoois are usually of muU oyrontery ciMts has revealed 

chiidten *“ ’{ / «„^,vtr sufmoKlosMiMceeainiflitwnmsome casesna 
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ScinsTOSOMA Dermatitis 

When the cercariae of the human Scktslosomes or the Scinslosomes 
of some other animals penetrate the skm thev ma> or may not cause 
an Itching rash or a dermatitis In Puerto Rico S fHansowt may cause a 
se\ere pnckling sensation when penetrating but usually no subsequent 
rash In Egypt as noted both S mansoni and haematobium and in the 
Far East S japonicim are knoivn to produce urticaria or itching papules 
and sometimes oedema In the Far East however 5 japomcum fre 
quentlj gives rise to no dermatitis 

Cort (igaS) however demonstrated that certain non human Schisto 
sotne larvae incapable of infecting man will nevertheless cause a severe 
dermatitis or swimmer s itch when they penetrate the skm of bathers or 
waders As the w ater evaporated from the skm a pnckhng sensation was 
erperienced followed by urticarial wheals After about half an hour the 
initial dermatitis subsided leaving only a few macules However several 
hours later intense itching developed with oedema and the transformation 
of a number of the papules into pustules The reaction was most intense 
between the second and thud day following exposure The condition 
was first observed in Michigan and was found to be common in certain 
other piTts of the north central states and southern Canada It has also 
been noted m Germany France and Wales while in the Federated Malay 
States Buckley (1938) has also observed an itching dermatitis in the 
paddy workers 

At IcMt 8 tpeeiea of <«rcanae aie known to gi e me to these symptoms Some 
hovse et oeeui only m marshes 1 d are of no importance la Micb«an C phvsiU 
and C ilatnttol a Europe C oetllila and m the Malay States cercariae of 5 
sp i It are among those that have been nerimin ted Four of the dermatitis pro 
ducing species develop in snails of the genus Limnteo one in Phyit and one in 
PI norb t 

The affection has attracted increasing attention in the United States 
particularly in the lake regions of the north central areas m W isconsm 
Michigan and Manitoba Brackett (1940) has found that outbreaks 
of the disease occur most commoniy m July and August although they 
are occasionally encountered earlier or later m the summer 

Not all persons are suscept Me rhildren have been more commonly affected 
pe haps bee use their activities m shalhmei water bnng them into contact with m re 
c rcanae and in addition they may be more sens tive than adults 

Clinically a fe > minutes after emergiiig from infected waters a t ngluig s nsat 0 
IS felt in the eiposed parts of the body Shortly Iten d p a po t siz d red macules 
mayappe r The tmgUng may then ubs de and noth* g be experienced for a numbe 
ofbowrv Then a di Viact lUM gbepnsandlliemacuVesmlatge to form firm discrete 
papules from r-s mm m diameter They ate ted 6rsi but m y be urrounded by a 
halo of hyperaemia Occas ooally the les ns become pustular Secondary infections 
may cause certain v ations In thos v ly su c ptible urticarial wheals may anse 
soon after these ce canae invade the skm The lesions usually f de within a week 
The e tremit es are most frequently involved and the face and neck are usually soared 
'ogel ( 930) has etpenmentally infected hunseU a d volunteers with a European 
sp cies {Cercsr ocellatj) which is doscly related to the Scbisiosome cercariae of the 
UmtedStates Twenty four houtslater be removed some of the tissue for histolog cal 
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study In one instance it cercariae were found in the tissue which was sectioned 
senalfy The parasites Were found lying in tunnels in the epithelial layer and were still 
easily recognized Brackett has also made histological studies in which the inner 
surface of the forearm was exposed to C e/ oe Biopsy was performed after *9 and 
again after jo hours He observed oomerous burrows in the epithelium and evidence 
of an acute mSammatory reaction hut was unable to hnd any cercarue Brackett 
believes the ccrcariae were absent in hii tissues not because they had gone deeper or 
been overlooked but because they were destroyed *9 hours after they bad entered 
Brackett found evidences of an acute inflammatory reaction around the tunnels which 
the cercariae had apparently temporarily occupied The acute loflammatoiy response 
to the presence of the cercariae was evidenced by pronounced oedema and extensive 
early infiltration of neutrophiles and lymphocytes Later extensive invasion with 
eosinophiles occurred Clinically evidence suggested that recovery then follows 
rapidly 

Brackett s observations show that the dermatitis producing schistosome cercariae 
of the United States do not continue tbeir development in the skin or set up a systemic 
infection in man 

In order to obtain information Concerning the suitability of primates as hosts of 
Sektstostmahum diuthitU (Cort, 1914) Brackett exposed the extremities and face of a 
young female rhesus monkey to the penetration of cercariae and noted a very mild 
dermatitis on the exposed areas Three weeks after the last tsposatt the animal was 
autopsied but no trace of the schistosome infection was seen He assumed that if this 
parasite which develops readily in a wide variety of laboratory animals developed 
readily in man it probably would have been found in the one monkey used 

More recently Tenner (1941) has exposed s rhesus monkeys at diflereat times ol 
the year to the cercariae 0/ StkijUsamthum In the brst the exposures were 

light and a mild dermatitis was produced The monkey was autopsied 4 weeks aflei 
the last exposure and on complete and careful examinalion was found negative fot 
Sekishsoma The second young monkey wras submitted to severe cercanal exposure 

number being estimitecl at if 000 He sboived signs of distress and scratched 
himself considerably from a short time after tiposuit until the time 0/ the autopsy 
iH days later A marked dermatitis was then evident On autopsy the migrating 
woctoa were found to be abundant in the lungs and slight haemorrhages were noted 
The third experiment in a rhesus monkey showed that a mild dermatitu developed 
which rapidly disappeared An autopsy could not be conducted on this aoimal to see 
iS further development occurred Peaner suggests that the one positive expenment 
suggests the possibility of penetration of theskm of children who swim in inlested areas 
where the cercariae are abundant 

Treatment — After penetration the only possible treatment is by 
soothing applications JJrachett (x939) recommends as a useful proph) 
lactic wiping with a towel immediately after coming from infested water 
since apparently the cercanae penetrate the skin of human beings largely 
if not entirely when the water has evaporated 

Prevention — Cort and others base reported a satisfactory elimination 
of the snails from certain dfstricts by an imtial dose of copper sulphate 
at a concentration of a parts per million It may be necessary to treat 
the body of water again at regular intervals since after each treatment 
sometimes snails have been found indicating that at least some of them 
resisted one or several exposures to the cheimcal 

Bnckctt has suggested the use of copper carbouste on account of its low solubility 
He points out that even in the presence of an excess of the compound there might be 
enough copper in solution to kiU snaiU but not enough to injure fish life Copper sui 
nhate or copper carbonate has been recomineaded for the destruction ol the mans 10 
^ ^,1 1 bodies of water No practical method for use 10 large lakes is known 
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study la one instance ii eercame were found in the tis ue uhich was secUoned 
serially The parasites were found lying in tunnels in the epithelial layer and were still 
easily recognued Brackett has also made histological studies in which the inner 
surface of the forearm was exposed to C that Biopsy was performed after 19 and 
again after 50 hours He observed numerous burrows in the epithelium and evidence 
of an acute infiammatory reaction but was unable to find any cercanae Brackett 
believes the cercanae were absent in his tissues not because they had gone deeper or 
been overlooked but because they were destroyed jg hours after they had entered. 
Brackett found evidences of an acute inflammatory reaction around the tunnels which 
the cercanae had apparently temporarily occupied The acute inflammatory response 
to the presence of the cercanae was evidenced by pronounced oedema and extensive 
early infiltration of neutrophiles and lymphocytes Later extensive invasion with 
eosinophiles occurred Clinically evidence suggested that recovery then follows 
rapidly 

Brackett S observations show that the dermatitis produang schistosome cercanie 
of the Umted Slates do not continue their development in the skin or set up a systemic 
infection in man 

In order to obtain information concerning the suitability of primates as hosts of 
SciutesamaSium iouihUit (Cort 1914) Brackett exposed the extremities and face of a 
young female rhesus monkey to tbe penetration of cercarue and noted a very mild 
dermatitis on the exposed areas Three weeks after the last exposure the immal was 
autopsied but no trace el the schistosome infection was seen He assumed that if this 
parasite which develops readily m a wide variety of laboratory animals developed 
readily in man it probably would have been found in the one monkey used 

More teeently Fenner (igst) has exposed 3 rhesus monkeys at different Umei of 
the year to the cercarue of 5 cAii(osom«liuin doutliiHi In tbe first tbe exposures were 
Lght and a mild dermatitis was produced The monkey was autopsi d 4 weeks after 
the last exposure and on complete and careful examination wtas found negative for 
Schisleioma Tbe second young monkey was submitted to severe cercanal exposure 
the number bemg estimated at sS 000 He showed signs of distress and scratched 
himself considerably from a short lime after exposure until the time of the autops)^ 
days later A marked dermatitis was then evident On autopsy the migratis 
worms were found to be abundant in the lungs and slight haemorrhages were noted 
The third experiment in a rhesus aontty showed that a mild dermatitis developed 
which rapidly disappeared An autopsy could not be conducted on this animal to see 
if further development occurred Fenner suggests that the one positive experiment 
suggests the possibility of penetration of the skin of children who swim in infested areas 
where tbe cercanae ate abundant 

Treatment — After penetration the only possible treatment is bj 
soothing applications Brackett (1939) recommends as a useful propb) 
lactic wiping with a towel immediately after coming from infested water 
since apparently the cercanae penetrate the skin of human beings largely 
if not entirely when tbe water has evaporated 

Prevention — Cort and others have reported a satisfactory elimination 
of tbe snails from certain drstnets by an nutial dose of copper sulphate 
at a concentration of 2 parts per imlhon It may be necessary to treat 
the body of water again at regular intervals since after each treatment 
sometimes snails have been found indicating that at least some of them 
resisted one or several etposures to the chemical 

Brackett has suggested the use of copper carbonate on account of Us low solubility 
He points out that even la the presence of an excess of the compound there might be 
enough copper in solution to kill snails but not enough to injure fish life Copper sul 
pbate or copper earboaale has been recommended for the destruction of the mails in 
small bodies of water No pracUcal method for use in farge fates is known 
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Houdemer (1934) more recenllj called attention to the prevalence of 
doDorchiasis in Annam He found the infection locally present in from 
I 4 to 40 per cent of human beings in nearly n per cent of dogs and 33 per 



cent of cats In this region the fish are eaten raw being first cut into 
pieces 1-4 cm long The small speaes of Carras>us aiiralus usually 
swims about in a bowl beside the individual when eating From this 
bowl the fish IS caught np with asmallscoop and the native after season 
ing It eats it while it is still wngghng 
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The extent to which the lofection inth Clonerchts occufs lo Indin is not entirely 
clear A few cases of human infecUon have been reported there and Chandler found 
infection very common in eats and dogs in eastern India but did not find it in nin 
Acton observed Clonorchu ova in tha faeces of x Indian soldiers in Mesopotamia and 
Bagcbi (1934) has reported a case of tnfecbon in a Mohammedan m Patoa Diagnosis 
was rnade by finding the ova in the stools and comparing these with authentic soecimeas 
of ova of Cianorckts rtnennr He points out that since Indians seldom eat uncooked 
fish the question is raised whetherthis infection might not be due to eating raw sinjhara 
(rro/adicornisjwhichiscommonlypeelednithth teeth However further observa 
tion regarding this suggestion would seem to be necessary though Chandler has triced 
infection with Fostialoptis busktt to eating tins sjnghara 

Binford (1934) has reported upon the occurrence of Ciawukis ova w the stools of 
4 lepers none of whom bad ever been outside of the Territory of Hawaii He alludes 
to the fact tfiat up to 19x7 atieos with ChMurckis infection were excluded from Ilawau 
SiDce this time however the regulation has been relaxed He states that Urge quan 
titles of froxen dried salted and pickled fish are imported into the Hawaiian hUnds 
that Cy^riRidise are known hatboren of this infection and that x of the 4 infected per 
sons had eaten raw gold fish (CyPtmiJae) caught in the artificial taro ponds In 
1907-1908 some 24 cases of infection with C/oisorcilis sinensis (Opistharchis iinrmu 
Blanchard 1895} were reported in the Philippines Islands m Chinese and Filipiuos 
(btrong htusgravc and Heiser) Whether the disease u eodemie in the Islands 
appears doubtful 

Itinerant cases of the disease have not infrequently been reported m large seaports 
Thus Mayer in 1916 found CfoRorc^sa sinensis ova in 40 9 per cent of aoo Chinese sailors 
who were at the time Viorld Use prisoners in Hamburg Prior to ipi; it wss slso 
shown that in the neighborhood of sp per cent of the Chine e coohes examined by the 
public health officers in San Ftanciaco were infected with the ova of this parasite and 
Sbattuck (19S3) showed that $4 cases occurred in Boston m Chinese immigrants s&d 
in ft few Japanese 

The observations of Davis (1934) are of some interest m demonstrating the abseiiee 
of the infection in Cranl Thus at the Yellow Fever Laboratory m Bahia a micro 
scopical examination was made of sections of pieces of the liver (obtained by the 
viseerotome) from as 593 persons who bad died in central and northern Brasil This 
examination revealed that the presence of the ova of no other fluke was noted except 
of SchtsMotna rnafuant 

Formerly immigrants found to be infected with the ova of Clofiorchis 
stnensts on arrival m the United States were not admitted Since how 
ever, it is clear from a study of the life cycle of the parasite that there is 
no likelihood of the infection spreading m this country this regulation 
has been rescinded 

Life History and Etiology — Cfo»or(iix finensit inhabits the bile passages (and occs 
sionally the pancreatic ducts) of mao and several other mammals including the c^ 
dog pig rat and mouse The Cuke u 10 lo xg mm long * to s mm broad pointed 
anteriorly and somewhat rounded posteriorly The inUgument 1$ aspmous The oral 
sucker is slightly larger than the ventral which n situated at the postenor end 0! fie 
aatenor third of the body The most cbaractenstic features are the deeply lobulattd 
or branched testes situated one behind the other in the posterior third of the body 
the branches extending beyond the intesti lal caeca into the lateral fields When the 
parasite is squeezed out of the thickened bile ducts it is so transparent and glsiry ss 
almost to resemble mucus Many tbonsands of these parasites have been found in a 
single case The adult flukes have been repotted to live for s to 20 years 

The ova in the faeces are oval yellowish brown structures 27-i5« long by ii-jo 
broad They contain a ciliated miraadium when passed This is pot hberated until 
the egg IS ingested by the snail Eggs may be numerous in biJe obtained through » 
duodenal tube even though sparse in (he faeces 
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Traasitussion-'~Tlie yellowish bnturo ora of Ctonerekis are passed m the 

eacreU of man or other miecled mammata aad are almost lea'ly to hatch when they 
leave the mammalian host BothSaitoandttaysoafound that under unusual circum 
stances spontaneous hatching of Ofnarthu ova may occur Other observers and 
particularly Faust have shown Ih t hatching of the ova does pot take place normally 
outs de the body of the approprute moUuscaa host and in normal development it is 
necessary for the emhryonated egg to be awatlowed by the snail Faust (1930) has 
shown that the snails wh cb act as the 6rst lotermediate host for this fiuke are btmted 
to a single subfamily the BiUyunnoe *hieh are represented by fourspeaesin tbeSino 
Japanese area vu Parafisiaraliu it Mat P tiniant B ihyaia Jacks ona and B 
lanficBrntt The ova after being ingested by these snails hatch in the oesoph gus of 
the mollusc the mir cidium penetrating through the gut nail into the pen-oesophageal 



lymph space where it metainorpboses loto a sporocyst migrates towards the inter 
hepatic lymph sinuses d there prod ces a progeoy of rediae These latter in turn 
produce cetcariae The mature cercanae effect a rupture Erst in the tissues of the 
rediae then in the taut outer tissue layers of the mollusc escaping into the water 
where they iwim about vigorously On coming into contact w ith fresh w ater fish the 
cercanae penetrate under the scales and into the ffesh of the fish in the meantime dis 
card ng their caudal appendages 

Faust and khaw found that practically every species of fresh water fish in China 
Japan Korea Formosa and French Indo China could ser e aa the second intermediate 
host for th s parasite Some 40 spears of fresh water fish of the families Cwmmdae 
Gobiidac \nas\kt:dae and Sauiovidae ha>e been found fnfected 

On consumption of the infested raw fish man or the other mammalian 
host becomes infected In the stomach the cj-sts are digested out of the 
flesh and the outer capsule disintegrates On passing into the duodenum 
the invigorated adolescana breaks out of the cyst capsule and becomes 
attached to the duodenal naU It next migrates to the opening of the 
common duct continuing its course to the biharj duct and eventually 
to the biliary capillaries entering more particularly those of the left lobe 
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of the Incr due to the /act that the path of migration into this lobe is 
mare direct lk.ohajashi (1938) has shown that in cats the }oung flukes 
reach the bile ducts 15 hours after ingestion of infected fish and require 
26 dajs to reach maturity 

Pathogenicity and Pathology — Hoeppli (tqjj) has examined specimens 
of the hver from autopsj of 66 Chinese who for the greater part had met a 
more or less sudden death which was m no case app3rcntl> due to Clanor 
chti smensts infection With (he exception of one case the infection was 
alwajs light or moderate In all the cases the larger bile ducts showed 
ddatafion tJuchening of the wall proliferation of the bihar^ epithelium 
and in some instances desquamation and new formation of bile capillaries 
with cript formation in the bife ducts Only i cases of liver cirrhosis 
were found, one of Lnennec’s type, the other a portal cirrhosis correspond 
mg to the ti pe of cirrhosis parastlarta described by previous authors and 
probably due to Clonorchts infection 

Increase of periportal tissue m var>ing degree was observed ss waiinliltration mtb 
eosinophils Tatty changes of Ihe liver cells frequently connected with atrophy of 
l6e fiver cells in the center of lobules was found 
in about one third of the cases In 5 cases the 
central veins were surrounded by newly Jormed 
fibrous tissue and m 4 eases there occurred a 
(bickemngof the intina in the h all of snail arteries 
and byalmization of the intima Tht results 
seemed to show that probably in many cases with 
mild Choerchts infrcuon in which the clinical 
symptoms are slight or non-eeistent already eon 
Siderable luslologtcal changes may be present m 
the tiver 

The extent to which the hver is damaged depends upon the number of 
parasites present and whether there has ^en continuous reinfection over 
a period 0! jeur* the length of lime the infection has existed In 
severe cases many thousands of parasites have been found and gcneiaf 
cirrhosis of the liver has occurred Sambuc and Baujean reported the 
finding of 21 000 parasites at one autopsy In some instances the para 
sites have been found occluding the biliary ducts and thej have even 
been found in the pancreatic ducts and duodenum IIocppli reports 
that in some instances it has produced carcinomatous lesions 

Infection of the pancreas is not by any means rare Ivatsurada found 
U in XI 8 per cent of cases of infection Galhard (1938) has lepoited 
2 cases both of which compfauied of acute abdominal pain oedema, and 
one of diarrhoea and the other of jaundice General asthenia progressed 
a”! both di/‘d The parasites and notable pathological changes were 
found in the pancreas Dilatation of the ducts atroph) of the gland 
tissue, proliferation of the epjtbebum and sniJammatary reactions with 
local eosinophiha were noted 

Uyeno (ivj-f) has emphjsi^ed the / atboJognal changes in the icidney which cccoi 
in esptiini«nta,Uy infected rabbits He believes these changes are due partly to the 
metallic products of the parasites which *« ctmlating in the blood and partly to 
inwtsoediate metabolic products onginatug frem Ibe pathological changes la the 
infected liver, 
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Clmicd Manifestations — Many cases of CU»» cits sincrsu infection of miM 
present no unfavorable symptoms Thus Shattucic found that none of the cases 
observed at the immigration statmn in Boston and subsequently in the hospital showed 
anysignsofdiseaseotherthaQasbgbteosuiophilia This wble pretty constant might 
have been due to the coincident presence of other intestinal parasites which were found 
I all the cases of clonorchiasis observed When the infection is severe the liver may 
eventually become etilar ed and finally sclerotic and there may be chronic diarrhoea 
sbo anasarca and general cachexia may supervene which may result fatally 

loouye has particularly studied the d sease cbuically in Japan fie recognues (i) 
s mild type without appreciable lymploma (a) a stage of severe infection attended by 
durrhoea oedema and hypertrophy of the liver sad (3) s severe type with symptoms 
of the second stage but aggravated by involvement of the hepatoportal circulation due 
to hepatic cirrho is There is no significant modification of the blood picture Berco 
vitz has recorded in moderate infections indigestion epigastric distress and night 
bl ndness as s totic manifestation 

Diuf Its 3 IS made by the d sco ery of the characteristic eggs m the faeces or m bile 
or fluid obtained through the duodenal tube 

Prophylaxis ->--Infection may be prevented by the thorough coohi g of aU fresh 
water fish intended for consumption Thorough cooking fs essent al for protection 
as the cysts can survive beating to $e- 7 « C for 15 ininulfs 

In such countries as South China and Indo China where fish are killed in the 
presence of the customer and eaten with condiments in a raw state dissemination of 
information regarding the dangers of consuoiing raw fish and educational e^orti to 
convey such information should especially be made to the pubi c in general and through 
the schools In such areas the addition of aDunoniua sulphate to fresh night 101] 
should be employed as a dis nfecting agent 

Tyuer (tg33) emph sues that whereas Ofi Ho ci s may occur frequently in eats 
in two difr rent countries it wiU be found fr^uently in human beings in the one id 
which uncooked fish forms an impo taot part of tbediet here this custom does not 
prevail it is confined to animals Animals and tneu harbonog the parasite should be 
prevented from foubn * ater whether >t is used for drinking or bath ng or agricultural 
purposes 

Treatment has been reported as more or less u satisfactory Intravenous tniec 
lions of antimony compounds have been reported as successful in tome cases Chandler 
states that in the bands of others such treatment has failed Chopra (ioj6) states 
that injections of methyl violet crystal violet aod Niieblue sulphate have been tried 
and found to be ineffective He however mentions that intravenous injections of 
per cent solution ol gentian v olet are said t be very effective Twenty cubic centi 
metersaregi en for the first dose fonowedhyyocuhiccentimetets 3 dayslater Faust 
recommends genit n violet adm nisteTedorallyinenteticcoated tablets oofigm 3tmes 
duty before meals for 1 month and says that it « clonorcbiciial provided the dye 
can reach the worm afte it has reached the liver Kawa 193; states th t the oral 
adm nislration ol th s drug » effective in ptoport or to the dose admin stered and the 
intensity of th* infecti n Inearlycases it is usually curative but in later cases while 
It will reduce the number of worms present it probably w ill not bring about a complete 


Otto and T chan ha e recommended the intravenous injection of gold lalts In 
Corea continuous non surgical bile drainage by means of the duodenal tube has been 
employed lor getting nd ol toxic maUnat and sometimes by th s large numbers ol the 
eggs re removed It is somel mes necessary to cocainiae the throat to prevent reflex 
V m ting 

Opisthottbisfelmeus (Kisotl ifiSa) is normally a parasite In the bile and pancreat c 
pa sages I cals dogs and pigs The fo wolverine and seal have also been found 
infected The first human case was reported from Tomsk Siberia It his been 
subsequently reported in man particularly u 5 beru and e stern Germany Indu 
J pan French Indo China and tbe Phil ppines 
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Tiiefluteisabout ?-*» mm loos and 2-3 torn broad Itjslancet-sbaped rcrandd 
posteriorly and aUenuated antenotly ITie lestes arc Uo lobed and not dewJniie 
The ova are yellowjsJi broo’n aiUi an uptfoilutn whicb fits into the tbickeaed nm e( 
the shell proper At the postencr end of t!ie shell there is usually a minute tuberculai 
thickening They measure about je by itfi The hatching of the eggs does aei 
occur in the ivatet but only aftet logestion by certain snails Bithyma tentaculali 
has been repotted as the C«t inttrmcdutc host in *hich first generation spotocysM 
and rediae develop tanous fresh »ater &h (War Cy/rj»«r Barbus etc) may 
serve as second interniediate hosts \ogd (1954) has found the snail host in East 
Prussia to befl leeelii and the pnncipa) fish host the tench (r<ncd fiMca) 

Sitaptomatology and Pathology — ^lie symptoms depend upon the seventy o! the 
infection and its duration In «ald eases ot infection there niay be no unlavorabte 
symptoms and no senous mjuiy done to the liver In severe infections enlatgemect 
of the fiver »uh jaundice lys been frequently repotted OiolecytCitis and liter oa 
(orntattoa 0! bile stones may occur m vrhich the ova serv< AS nuclei Inflammatory 
reacJiOBS irith deposition of ^bttrus tissue later may occur around the bile ducts and 
about the portal vessels and between the hepatic cells FJotmkav (19^9) bai studied 
the symptoms in ipi cases lie found chronic inBamzaaUon o( the gall bladder aod 
bile ducts leading to cirrhosis of the liver and chronic pancreatitis as conuson Zei 
chsDivov (1939) In a study ot the Wood of 147 cases in Tobolsk found that in ai p«r 
cent there was anaemia There was little change is the white cells except a narked 
increase m the eosinophils The chmcal picture on the abole resembles that cl Cientt 
cAirsinensu infection The diagnosis prognosis and treatment are similar Kowever 
Ssidat end Wigand (1934) state that gentian violet and Fouadio fcaie oot been found 
to be elective for treatment 

Since reservoir hosts exist both in animals as well as man and tbeir excreta may 
polute the »atcr supply the saniUry duposel of huoas faeces alone will sot prevent 
the spread el the infection Ifurnae tnlectien however may be avoided in endemic 
regions by eating only w ell cooked fish 

Another species ofhver fluke OgwMoftliij memni (Porner 1886) » distinguished 
eipeciaUy from 0 felineut by the greater proximity of the ovary and testes the aggtt 
gallon of Its viiellatia into a few large clusters of granular msteriil and the diSkrent 
sue and shape of its eggs 26 by i4i« This parasite has been reported as present in the 
faeces in about a j per cent of rbe natives m the Laos country in nortfcem Sura. 

Opisthorchis noverca (Braun 1901) a parasite of the dog has been found in tw 
feife ducts oi i natives in Calcutta It » lance shaped and covered with spines U 
toeasutes 10 by a 5 mm *nd the eggs 34 by *»■ are larger and hence readily d» 
tinguishahle from those of the preceding species 

Chandler (1940) points out that the genus An^h meriis distinguished from Opis 
t*ofcfcis by having a post-ovanan division of the yolk glands contains a species A 
pseuJofthntut found in cats and coyotes in central United States It would ptobaOiy 
infect man it opportunity were offered The genus itilorchs contains flukes Viwca 
are shorter and broader than Opuffe titt CameroR <1939} ha* reported the very 
common occurrence of a species of this genus tf ee"y»«ffKj m many kinds of 
eating mammaJs over a large part of Canada It causes considerable iryury to fur 
besting animals and occasionally M%un la wan The common sucker Caiaslam ii 

iommersortis w its fish vector Another lepreseiitative of this family /■studum/kiJW 

««in Inncalam distinguished l^ the trooeated posterior end 0! the body inhabits the 
hversofcatnivoresinSibcna andisalsolikelytowcurinmin 

The pathogenic effects treatment and epidenuology of these infections da 80* 
differ in any way so far as known from those of Cf nerr^ r 

FasciotiAsts 

FgsetoU hepatiea (Linnaeus *758) givuig nse to the diseise /‘ajftofwfiJ Syo 
p>a ktpol sum (LmoeeiiS i7i*) F«e wf/ernica (Suutsin 1933) Fast ida koUi 
(Simlsio »93Ji 
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It was the first trematode to be descnbed by de Brie 1379 aad it was the first 
digenetic trematode whose complete bfec}rcle was elucidated (Leucicart 1883 Thomas 

1883) , . 

Geographical Distnbution — Fastt I* hepatua is Dotmally parasitic m sheep aod other 
herbivorous animals in which it causes the destructive disease hver rot This 
Quite IS cosmopohtan and particularly prevails m sheep raising countries In the 
United States it is endemic in extensive areas m the south and west as well as in some 
of the north central states Practically all heibivorou and a number of omnivorous 
mammal including man have been found infected The writer (1930) found it m 
the buffalo BubaJus caftr in the Hurt forest Belg an Congo Over 100 authentic 
human cases have been reported According to Faust (1940) in Venetuela Argentma 
Puerto Rico Cuba Syria China Soviet Russ a France Italy Corsica Hungary 
Roumama Salonica the Dardanelles AlgenaandFrenchSomaliland 

iforphology — Fasciela hepat ta 1 a fleshy fluke measuring f om 2 -30 mm in 
length by 10-12 mm in width It is relatively flat and leaf hke along the margms 
Both the mtestme and testes are characteiistically branched The two testes he one 
behind the other in the second and third quarters of the body The diameter of the 
oral sucker is i mm of the acetabulum t 6 mm The eggs ate ovoidal and operculated 
averaging 140 by Sov They are laid id the immature stage in the proximal biliary 
passage of the host and are evacuated in the faeces 

£ f« Biliary —The ova mature lu water in 9*13 days at the appropriate temperature 
of 21-25 C After hatching the escaping nuncidia which are eye spotted infect 
vanoussnailsafewhoursafierhatching Suebs ails which serve as the intermediate 
host include species of Lynnaea (subgenera GMa Pstudesutcinea) Su4c nca Fotsana 
FraicaltUa Bui nui and Ampuffn a Id these snails the parasite develops into first 
generation sporocysts then rediae daughter rediae end finally cercanae Mature 
cercanae after escaping from the snails mly swim in the water and keep motile for 
as long ai 8 bouts 


The cercanae then discard their tails and encyst as minute white 
spherules on different forms of aquatic vegetation and on the bark of 
shrubs or free in the water These cysts are viable for a long period 
when moist but succumb quickly when dry 

Klan and other mammals consuming such vegetation or drinking at 
contaminated sites may contract the infection The metacercanae 
encyst in the duodenum and migrate through the intestinal wall into the 
body cavity They then pass through the capsule of the liver or via 
the portal vein and through the liver parenchyma to the biliary passages 
where they grow to matunty as demonstrated by Simtsin 1915 and 
Suzuki 1931 It seems probable that the migrating larvae may also 
get into the mesenteric veins or lymphatics and eventuaUy be earned 
to the hv er or in some cases more Erectly to the right heart from where 
they may be earned to unusual locabties Thus Diss (1937) found the 
parasite in a tumor beneath the mammary gland in a patient 60 years of 
age It was formerly thought that the metacercanae might enter the 
biliary tract directly through the ampulla of Vater This however has 
not been confirmed by recent investigations 

Pathology —The symptoms in man ate frequently mild When the InfecUons are 
very heavy as in sheep the passage f the parasites through the hver parenchyma 
may give nse to mechanical and toxic reactions which may result in necrosis thickening 
and cystic dilatation of the bile ducts and eventually to portal cinhos s with cachena 
and anaemia In severe InfecUons it m not unusual to find small abscess pockets 
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In other instances adenomata oi the biliary epithelium may lormand areas of tosiao- 
philic and leucoej tic infiltration may be {bund in the liver 


Symptoms — The iracubation penod may require 3-4 months from the 
time of infection Brumpt and Lavier (*939) report that the earij 
symptoms of infection before the ova appear and while the larval fiuke 
IS establishing itself in the liver may consist of fever and a verj paiidul 
hver sometimes with evidences of pulmonary disturbances at the base 
of the right lung together with symptoms of toxaemia These symptoms 
often disappear after the flukes have matured and become located in the 
bile passages Inflammation of the bile ducts occurs later and the eggs 
are then present in the faeces Kouri who studied 35 cases in Cuba 
reported serious symptoms in many relating to the hver gall bladder 
alimentary canal, and nervous system In Syna an infection known as 
haizoun (on account of the symptoms of suffocation) has been reported 
following the eating of raw liver of goats and sheep at sacriGcial cere 
monies The parasites attach themselves to the membrane of the throat 
and mouth and in some instances wander into the larynx and give rise 
to irritation congestion ringing of the ears labored breathing and at 
times alarming symptoms probably of anaphylactic nature 


Flury and Leeb have dentonatiated that the toxataus which oteur* in some miUMM 
IS due to the by producla o£ the norms end that lb«e may result m the producUoft o' • 
condilioQof eacheua a^uosa {Gnesin^r* disease) 

la other cases of human infection hepatic colic general abdorainil ngidity with 

pain OR pressure latermiitent diarthoea urtieana with Iweecytews and eosinopliua 
and irregular fever have been reported At least several eases have been 
upon for cholecystitis Create reported a case m France m which the patient auaeiw 
from anareau digestive disiurbancesand diarrhoea and an incision was made over tB* 
liver and into the bile duct for biliary obstruction The parasitea were deaionslratea 
in matenal from the duct Leveret and Champagne refer to 3 eases m Algeria m one 
of which the parasites were found and the diagnosis made at an operation ea t®* 
duct la isolated instancea the parasites have been found in unusual loations mcluo 
mg blood vessels lungs subcutaneous tissues ventricles of the brain and other orgaas 
Epidemiology — Human infection may result from the togettioa of the eatystea 
metacercanae attached to green vegetables Chandler {1940) notes that wsltltress 
is one of the coraiooDest moiins of infection bat domestic grown watercress is seldom 
esposed to cercanae of FasacU The eating of infected raw liver of goats and sheep 
haiptovcd tobtanothersourceolmlection Especialiysbcep hutabogoats roaypay 
an important part an the dissemiDation of the infection in nature 

Diagnosis— Dtagaosis is made by the dwcovery of the ova in the pstients stools 
or front material obtained from the duodenum or biliary tract Preapita^n an® 
campleroecit fiaatieo tests have been recommended as aids to diagaosis but they have 
not apparently been ejlensavely employed In connection with the finding of ova in 
the faeces in patients who have been eating raw liver as for example m the treatment 0 
atiatmia it should be noted that false fasciohasu may occur through simple 
oE the eggs through the intestinal tract vritbout resulting infection Such a condition 
maybe differentiated from actual infecuon by withdrawing the hver diet for a few days 
aod if the ova continue to be passed the infection is probably genuine 

Prognosis — Prognosis depends especial^ upon the seventy of the infection U i* 

usQallygoodorfaicmimldinfectMQS fnUgraveuiheavyonts andwhrnsenousinvolv 
meat of the liver has occurred ,, „ 

Trcitaent— According to Koan (.«»)*metinh>droch!onde«valuable He^ 
administered the drug intramuscularly ooijgm daily fortr-tadays Moanig {i9i4l 
Koun {1944) "1 studies in Havana again confirms tie value of this treatment 
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has found carbon tetrachloride valuable for removal of the adult parasites but it is 
very toxic Faust reports that letracUoiethylene is not specific Montf^mery and 
others in treating the infection in sheep have demonstrated that oleoresin of male 
fern destroys the mature parasites in the bile tracts but doe not kill or injure the 
immature worms pas mg through the hver parenchyma Liviere ( 934) has advocated 
intravenous injections of r per cent magdala rose dye f r human cases 

Prophylaxis - Pharyngeal fasctol asis may be avoided by the thorough cooking of 
the infected liver and by avoiding eating raw liver Also in infected endemic regions 
naterciess should be avoided Bnimpt and Lavier (1939) who collected 89 cases of 
human infection beheve that man especially gets hi infectioa from eating raw water 
cress growing m places to which sheep have access However this vegetable may be 
safe for consumption m districts which are chermcaUy manured and from which sheep are 
excluded 

Danger of human infection with the parasite will obviously be lessened by detection 
and eradication of the reservoir hosts especully infested sheep and goats Ammals 
should be treated by ehemotherapeusis and an attempt should be made to destroy the 
moUuscaa hosts either by the use of i 50 000 solution of copper sulphate or through 
drainage of pastures 

A closely related but larger parasite F (ttanluo vluch is more lanceolate and has 
larger eggs is a common bovine parasite m Africa and in parts of the Far East Three 
cases of human infect on have bMn reported 

D erocoehum dendriticum (Rudoipbi 8 8) (fotrie/is deniriitcum Rudolph iSrg 
D (iiiKeefiifuM Desjaidia (84$! also a commoo parasite of the b I ary passages of 
cattle and sheep has been reported m man occa lonaDy Genu e bum a infections 
are apparently relatively few m Europe Egypt north rn Africa the Belgian Congo 
Java and China However extensive paras tic surveys in Russia Syria and Shansi 
Province China have demonstrated a numberof casesm which ihe ova of the parasite 
were found in the stools Many cases have been reported recently from Tashkent m 
Turkestan However in the majoniy of the c sea in some totalities the presence of 
the ova in the stool was accounted foe by tbe individuals having eaten more or less taw 
infected li er of sheep of goats and 10 wbicb the paras t» had not defimtely infected the 
individual and invaded the tissues It is regarded by some as usually only an accidental 
infestation of man Thus NiUulesco (1939) found ova of ^ c ocatl mi i t cum 
present in 3 74 pet cent of a thousand etairuoations He thinks they were eggs swal 
lowed in food and they were not found when a second examination could b made In 
other cases Taust states they wete undoubtedly genuise infections as determined by 
controlled diets 

When the parasites mvade the biliary passages m man and animals 
similar disturbances to those produced by Fasciola mav occur The li\ er 
ma> show small whitish areas several millimeters in diameter and occa 
sionally small infarctions m which the trcmatodes are encountered On 
histological study the bile ducts arc distended in size and contain sections 
of the trcmatodes with ova The epithebum hning the ducts maj be 
compressed and degenerated or destroyed and there may be infiltrations 
of round cells and leucocytes about the walls Often there is an increase 
in the connectiv e tissues suTTOunding the bile ducts the cirrhosis gradually 
extending outward Frequently there is more or less necrosis about the 
parasites and extensive infiltration of the tissue with polymorphonuclear 
and endothelial leucocytes Inman sy'inptoms of diarrheoea dyspepsia 
vomiting and enlarged liver have been observed 

The Duke is lincet-sh ped Bat sod from 5-1* mm long and i 5-2 5 h oid and is 
charactenzed by havmg slightly lobed testes anterior to tbe ovary just beh nd the 
ventral sucker The 0 a have a thick shell and are golden brown in color They are 
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Tn other instaaces adenomata of lie biluiy epithelium may form and areas of eosioo- 
philicand leucocytic infiltration may be found in the hver 

Symptoms — The incubation penod ma> require 3-4 months from the 
lime of infection Brumpt and Lavier (1539) report that the eatlj 
s>mptoms of infection before the o\a appear and while the lanal fluke 
IS establishing itself in the hser, mat consist of fever and a verj painful 
liver sometimes with evidences of pulmonary disturbances at the base 
of the nght lung together n ith sy mptoms of toxaemia These sy mploms 
often disappear after the flukes have matured and become looted in the 
bde passages Inflammation of the bile ducts occurs later and the eggs 
are then pte«ent in the faeces Kouri who studied 33 cases in Cuba 
reported serious symptoms rn many relating to the hver, gall bladder 
alimentary canal, and nervous sy-stem In Syria an infection known as 
halroun (on account of the sy mptoms of suffocation) has been reported 
following the eating of raw bver of goats and sheep at sacnfiaal cc e 
monies The parasites attach themselves to the membrane of the throat 
and mouth and m some instances wander into the larynx and give nse 
to irntation congestion nnging of the ears labored breathing, and at 
times slarmtag symptoms, probably 0/ anaphy lactic nature 

Flury sadLeeb Iiive dcmoaitratcd Uut (be tonemia which occur* in *oae insCincei 
u due to the by products of the worms and (bat these may result in the production of a 
eonditiOB of cacbecu a<tuQU (Gnesineer s disease) 

In other cases of human infection hepatic colic general abdomioal rigidity with 
pain oa pressura latermiltenc disrtboea omcana with leucocytosis and eosioophiua 
and irregular fever haie been reported At least several cases have been operated 
upon fat cholecystitis Croste reported a case la France in which the patient suffered 
from anorexia digestive disturbances and dianboea and an inasion was made over 
liver and mto the bile duct for bibary obstruction The parasites were demonstrated 
in material from the duct Leveret and Champagne refer to y cases in Algtna in one 
of which the parasites were found and the diagnosis made at as operation on the bile 
duet In Isolated instances the para ites base been found m unusuaf locations raeled 

ing blood vessels lungs subcutaocous tissues ventricles of the brain and other orgaM 

Epidemiology— HuBiin infection may result from tie ingestion of the encysted 
metacercarue attached to green vegetables Chandler (1040) notes that watercress 
IS one of the commonest meaiM of ial«ction but doatslic growa vateKnss is sridoa 
exposed to cercanae of Fos loht The eating of infected raw hver of goats and sheep 
basprovedtobeanothersourceofinfection Cspeoatly sheep butalsogials oisyplay 
an iinportaiit part in the dissemioaUon o( the infection in nature 

Diagnosis —Diagnosis is made by the discovery of the ova in the patient s stools 
or from material obtained from ibe duodenum or biliary tract PreapiUUon ana 
camplement fixation tests hav e been recommended as aids to diagnosis but they ha c 
not apparerlly been extensiv ly employed In connection with the finding of ova in 
the faeces in patients who bave been eating raw liver as for example in the lieaimer''®' 
anaemia it should be noted that false fasoobasis may occur through simple passage 
of the eggs through the intestinal tract without resuUmg infection Such a condition 
may be differentiated from actual infection bj withdrawing the bver diet fora few days 
and if the ova continue to be passed the lofection is probably genuine 

ftognosis — Prognosis depends e peciaify upon tie seventy of the lo/eclion It « 

usuallygoodoifai in nuld infections butgraveiaheavyones and when senousmvo ve 
ment of the bver has occurred 

Treatment — According to Koun OgjxJemetinhjdrochlondeisvaliuble ilenas 
adm lu tered tie drug intramuscularly ooygm daily for i;-j8 days MonnigOgit) 
Koun (1944) studies in Havana again confirms the v^alue of this treatment 
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Chandler reports that another flute of the same family £uryr ema pancreaticum 
lives jn the pancreatic ducts of p ^ anii in the biliary ducts of cattle water buffaloes 
and camels in China Its tb eVer body and large oral sucker sufSce to disti guish it 
from Dtctocoeham A few human cases have been recorded from South China 

Treatment for these infections should be the same as outhned for Fasctola I tpaiica 


Intestinal 1-loles 

Fasciolopsis buski (Lankaster tbs?) Syn {Distomiim crassum 
Busk 1839) normally a parasite of the pig occurs in man quite fre 



quently in India China and Cochin China and other parts of the 
Orient 

It IS the brgest trematode found in man being a flat rather fleshy fluke measuring 
about 40 mm to 70 mm long and a mm broad It is thick brown to color and has 
a very large acetabulum three to four times the siae of tb* oral sucker and located almost 
adjacenttoit Tbebrancbedovaryandshellgla dliem theceoter with tbed cbotom 
ously braniJied testes postenor The cmled nteros is anterior to the testes This 
species IS charactenz d by a very long prom nent cams The eggs measure 80 by 130M 
are nearly colorless and have a thin shell and a small operculum They are passed 
unsegmented. From two to three weeks ace lequ ted for the de elopment of the mira 
adium and about seven weeks more for the development of the cercanae in the snail 
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distributed throughout the yolk cells nhile those in F kepaltca are clumped around the 
yolk cell nuclei The eggs are operculate and rniinature when deposited 

Treatment— AIcCoy and Chu (1937) have employed hexjlreso ctnol crystoids 
(caprokol) m doses o£ o 4 gm for children i to 7 years of age up to i gm for those 13 
yearsorover 2 9 cases were thus treated and 54 percent were cured In aj per cent 
of the cases the egg output was very greatly leduc^ It is emphasized that great care 
must be used to prevent fatal ties due to therapeutic ag«its employed especially from 
cardiac failure Barlo in earlier years recommended among other dru'^ beta naphthol 
and carbon tetrachloride Ite thinks caprokol 1 probably superior for treatment 
Prophylaxis — Vegetables or salads should be immersed in bo bug water for a tew 
seconds before be ng eaten Copper sulphate i soooo may be employed for the 
destruction of the intermediate hosts in the infected areas Sterilization of the faeces 
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should be earned out whenever practicable The disease is espec ally spread m China 
by means of human night soil for fertilizatii 

IIeterophyiasis 

Heterophyes helerophyes (Siebold 8 a) {Syn CetylogBnimui k t opkye Lube 
899) This minute Quke w s first di cosered In the intest es by Bilhara m 1851 at an 
aut psy of an individual in Cairo The paras te is common in Egypt in the N I delta 
It has also been found in Palesti e and in the Far E st especially in central and south 
China Japan ndK ea Formosaandtherhihppinelslands Normallyit sapar s te 
of dogs and cats and the for but also occurs fre<|nently i m n The parasite is very 
small measuring 7 m in le gtb by o 3 to o 4 (nm in breadth It can be recognized 
by the large p ominent acetabulum The oral sucker is much sm He \ ry charac 
leristic i the genus is the large sucker I ke gemt I pore j st b low and to one side of 
the acetabulum and surrounded by a coIUr of spines The elliptical testes I e at the 
extreme posterior end The cuticle has scale hke spines The eggs are minute oper 
culate light brown 30~ base a thek shell nd c ta n a developed miracidi m 
when deposited They hatch only after 1 gesUon by the appropriate f esh water snail 
Khalil has report d that the snail Pi tttfli cohuo serves as the first intermediate host 
in Egypt Man acqui es the infecti n by eating raw mullet as Itugil tephal s the 
sec d intermediate host and other species m the Far East 
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(vanous speaes of Planorbit and Sefpuntina) The cercanae re<5uixe no second inter 
mediate host but encyst on vanous fmh water plants especially the water chestnut 
Eltacharis tuberosa and the red caltrop Trapa nalons which convey the infection to 
man if eaten raw These ate extensively cultivated in ponds in the endemic areas 
where they are frequently fertdiacd by throning fresh night soil into the water Snails 
abound in these warm stagnant pools and the cysts of the parasites are often very 
numerous upon the stems and leaves of the plants The snails become infected by 
miracidia from the ova and the escaping cercanae subsequently ericyst on the plants or 
nuts The nuts are eaten both fresh and dry Chandler points out that when fresh 
they are kept moist and are peeled with the teeth and in this w ay the cysts gain access 
to the mouth and are m allowed Barlow who eramined nuts from the typical ponds 
found from a few to over »oo cysts on each nut Chandler has also traced some cases 
of infection in eastern Bengal to the water nut Tropa iiearnir closely related to the 
Chinese nut 

Symptoms — The parasite inhabits the small intestine and if numer 
ous may cause diarrhoea, anaemia and even anasarca and fatal cachexia 
While the parasites are usually attached to the duodenal or jejunal wall 
thej are sometimes present in the mucosa of the pylorus In other 
instances they have been found attached to the wall of the large intestine 
At the point of attachment a local center of inflamation may occur which 



Fig 349 — F tolopsu i sk Cl 4 d m glscenn (From Jeff >s and Ma well) 

usually later results in ulceration In some instances the captUaries 
become eroded and haemorrhage results Abscesses may also develop 
in the mucosa The first symptoms are usually a toxic diarrhoea some 
times accompanied by pain in the abdomen In mild infection these may 
be the only notable symptoms Severe infections, however may be 
accompanied by toxic symptoms and the presence of areas of oedema 
especially about the face abdominal wall and lower extremities Ascites 
IS common and often accompanied by generalized abdominal pain In 
advanced stages of the disease anorexia nausea and vomiting occur 
Later the skm becomes dry and prostration may be extreme \oung 
(1935) fouJid ^bat nearly h^f of the ca es shovued a leucocytosis with an 
absolute eosinophiha with a neutrophilic Icucopenia At times there was 
a lymphocytosis Death has been thought to be due in some instances 
to the toxaemia following anasarca 

Diagnosis —The diagnosis may he made hy the discovery of the eggs la the faeces 
It IS practically impossible to distinguish the ova of Fasctolopus from those of Fasciola 
bepahea However Kamisaka reports that the yolk granules in F iusti are equally 
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latter 15 not surrounded by a collar of spines The «va are about by 20#i They are 
very difficult to distin^ish from those of B k t rophyet The intermediate hosts are 
(i) snails of the genus kfelanta and (a) the fresh nater fish FI clOiUssus allivel s 
Odo I halts obscuns Salma pt y and Leutstetis kakutnsts all of which are valuable 
food fishes The cercariae often encyst under the scales 

EcmNOSTOUIAStS 

Echmostoma ilocaoum (Garrison 190S) (Syn Euparypkium tloca urn Fasctolelta 
ilaeana) Garrison fi st d scovered the ova of this parasite in natives in hlanilam 1907 
and later recovered st adult worms following administration of oleores n of male fern 
Tubangui and Pasco found that the Norway tat may serve as a reservo t of the infection 
and that the d sease was probably restricted to the Uocano tribe inhabitants of the 
Ilocus Sur a district in the northwestern partfof the Island of Luton P I They 
demonstrated the life b story of the parasite Chen («9i4) found about 13 per cent of 
the native dogs in Canton infected with this parasite Brug and Tesch (1937) next 
reported it from the Paloe distnct of the Celebes Sandgronnd and Bonne (1939 1940) 
ba e found it in Batavia 

Etiology — The parasite which lives attached to the wall of the small intestine is 
reddish gray in appearance and is a small species measuring from 2 5 to 6 3 mm in 
lengtha ditoi 5mm inbreadtb AttbeantenoreDditisprovidedwitbaarcumoral 
di k and has a croi n of 5 spines and a spiny body The oral sucker lies In the 
center of the oral d sk the ventral tucket in the anterior part of the body proper 
There are 2 mas ive deeply lobed testes one behind the other in the third quarter of 
the body and the transversely 0 oidat ovary is situated m front of the anterior testes 
The straw colored opereul ted eggs measure fij-ttdii by 3S-69W and are immature 
when passed m the faeces but mature m water m 6- $ days 

The same or a closely related species £ nKi/ayitnum a larger fiuke with 43 coUar 
spines has been found to mfeet s high percentage of certain of the tribes of the Smo 
Tibetan frontier and of the Tamils of the Malay Slates Sandgrouad and Bonne 
(1940) have found a high incidence of human infection with a species they nsmed £ 

{ doe s s which has 37 cellar spines and closely resembles the species £ rev Utum 
of dueks and other aquatic birds It was encountered around the shores of LakeLindoe 
in the Celebes It is apparently primarily a human parasite for natural infecuons 
w ere not found in either rats or water turds 

L fe II sto y —The ova of £ tiocanum hatch in water and the m racidia penetrate 
the viscera of a snail inLuzon Pilalaomca ccording to Tubangui and Pasco They 
fedthissnail aswellas thersnalsihatbaiboredthecDetacercanae to many laboratory 
white rats and monkeys and a cat all of which animals became infected with n the 
course of a fe V weeks with the adult worms 

According to Rao m India £ wofiiy wum invades the snail £}mR8ea luieola as 
the first intermedi te host while a fish th Barbel (Bo iiu i{igm ) as well as the 
snail may serve as the second mte mediate host 

Sandground workingin Batavia basfo d the developmental st ges (melacercana) 
of £ lor m present in a large proportion of the Planorbid snails Antsus contest 
111 ul IS Ilutt and later also in Lymnaeo ruh g osa trevts Mous I ip u } cu 
Phil a d r !a com a Gray the spec ea of snaib being identified by Bequaert (1940) 
Laboratory raised white rats were expenmeotaUy fed with the abo e named 1 fected 
sn ilsand becameinfectedwith£ t/o 0 t Atransienthumaninfectionwasobtained 
by the 1 ge lion of metaceican e from the snail A nti 

W ith F f mf rif m a small plan rbtd snail Aatiar so a tna cum larval develop 
menl was found m n tural infections The met cercanae were found in several 
pulm nat sn ils V pa us jar curfw/ip B r andal 0 m the mus el Corlicufj fimfe 
1 I Boll These musseb form a tegnbi paitof the diet of natives 

Symptoms — Bonne (1940) desenbes the s)niptoms in the mam as 
diarrhoea and slight pam in the bowels In eipenmentat human infec 
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Symptomatology and Patfiology — The parasites inhabit the iJeura, 
often in large numbers, where they become attached to the wall of the 
small intestines At times they are deeply lodged in the crypts \Vlien 
present m large numbers, they may produce a mild irritation accom 
panied by colicky pam and mucus diarrhoea Khalil (1934) has noted 
that there may be a superficial necrosis of the mucosa and an excess of 
mucus in the stools 

Africa and his associates deLeon and Garcia (t04o) have einphasi«d 
the visceral complications that may occur in connection with intestinal 
heterophyiasis of man They have shown that several other species of 
heterophjids which are apparently not well adapted to man as a 
host may live in the walls of the intestine and that the ova of these worms 
may pass through the intestinal wall into the mesenteric lympbaucs 
and become distributed in different parts of the human body where the) 
may cause serious injury hfost frequently lesions were found m the 
heart where the eggs were frequently deposited m large numbers 10 the 
cardiac valves and myocardium Here they give nse to symptoms ol 
acute dilatation and a dropsical condition and symptoms similar to 
cardiac ben ben The cases often resulted fatally 

In 397 necropsies la Manila lotestinal heteropbyid infection was found la 3i and 
nearly half of these had visceral compbrations usually of the heart In 13 cardiac 
lymptoms were observed in life and the patients were believed to have died from heart 
failure The eggs were also found in the brain and spinal cotd and have been associated 
with gross nervous symptoms and wiib fatal cerebral hemorrhage Diarrhoea was a 
very frequent symptom of severe infection The parasites were found twice m the 
liver once in the lungs and once in the spleen 

The species of heleiophids causing these condiuons ate classified m a numhet o 
different genera Heterophyiasis 1$ pnmanly an intestinal infection but in Manila 
about 44 per cent of the intestinal infections showed visceral comphcationa Africa 
emphasiaes that the le ions due to the ova of this parasite partake of the nature of a 
typical reticulo endothelial proliferation with very little or none at all of the other 
celluUt elements found in other belnunth infections 

Diagnosis —The diagnosis nuy be made from the discovery of the eggs in the faeces 
(see above) They somewhat resemble those of Clonerehtt unenni 

The fra^nests depends upon the extent and nature of the visceral invasions with the 
ova 3\hen the ova ate deposited in the heart cardiac failure and death may occur 
For iKalMtnl tetrachloretbylene as presented for hookworm infection is recom 
mended 

Pretention depends upon avoiding eating raw or partially cooked or salted mullet 
or other infected fresh or salt water fish in which the Cercariae may develop 

Metagonusus yokogawi Katsurada ipisfSyn Loiolremtoralum Kobayashi iS**! 
This worm was first described by Katsurada as a species of JUU'ophyes It is probably 
one of the most common Heterophyidae in the Far East in Japan Korea Formo» 
and the Maritime Provinces of Soviet Russia the northern provinces of Siberia and the 
Balkan Stales It has also been reported from man in Spam It is found in eats 
dogs and pigs as well as man It usualty causes very few symptoms In severe inlec 
tions symptoms and visceral lesions similac to those produced by BeUtophyts occur 
flowever Alticn (rpj?) stales Ibai once the vrorms invade the mucosa they remain 
there until th y die Failure of the host to encapsulate the parasites may account for 
the infiltration of the eggs into the circnUtion and viscera 

It IS a mmute fluke i to a mm long and 06 mm wide inhabiting the duodenum 

The acetabulum is displaced to one side together with the common genital pore Toe 
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disseminated The parasite has also been TepoitedCrom man in Cochin China and from 
Indian immigrants to British Cuiana It hu been suggested that the pig is a Common 
reservoir host in India and Assam tibile in the Malay States the Napu mouse deer 
Tragutus napu has also been {ound infected It has also been found in held rats in 

^ The parasite lives in the caecum and large intestine where it ma> give rise to some 
inflammatory change and may cause diarrhoea The adult worm usually measures 
from about 5-7 mm in length Some specimens occasionally measure as much as 
10 mm in length by 4-6 mm in b eadtb The adult worms have an orange red appear 
ance caused by a fine net work of red capillary like stiuctu es in the cuticle against a 
flesh colored background The body is divided into 2 parts It consists of a posterior 
CO cave di k like portion from which proceeds a teat like projectiin bearing an oral 
sucker The acetabulum 1 in the posten r margm of the disk The ovary is behi d 
the testes 51 ghtly behind the middle ot the anterior portion in the median line is the 
prominent genital co e wh ch characteriaes the genus The ovo dal operculated 0 a 
measure 150 by 7 m They are rbomboidal in shape tapenng rapidly towards each 
end Miracidia develop after the eggs have escaped from their host However 
nothmg more of the life history is known By analogy with other amphistomes there 
IS probably httle doubt that the cercanae encyst on various forms of aquatic vegeta 
t on and that the life cycle is similar to Fatcmlidat The life cycle m the related 
species Casiroiiseui a typl ctu of the intesti e of the wart bog is believed to utilize 
the snail Cltepalra tul noidet as an intermed ate host 

Epldenuology — Although the pig is a common resetvoir host in some locaht es and 
has been reported by some as a common reservo r of human infection Buckley found 
that in aome places ui Bengal and Assam where the heaviest human infections occur 
pigs were rare and could hardly bave served as a re ervoir for human infection It 
IS presumed that as 1 1 the case ol Fatti lulae man may contract the infection f om 
the ingestion of uncooked forms of infected wat r eget tion 

Treatment— Manson Baht sutes that the parasites can ea ly be evp lied from the 
inteatmal tract by thymol and ca bon letraehbnde Chandler however points out 
that the parasite is often not easily removed by anthelmint cs but sometimes treatment 
with hgh soap viater enemas gi es good results Buckley by means of soap water 
enemas obtained nearly a thousand parasites from an S year old boy 

Wataomuswatsom (Conyngham lOoaXSyn impiistim m lo )istbeanIyother 
amphistome so far found m man and there has been reported but a single case from 
theNgen n shore of Lake Chad ThepatientsuSered from a severe watery diarrhoea 
which resulted fatally At autopsy the parasites were reco ered from the intestmal 
wall some attached to the duodennni and jejunum Others were free in the 1 imen of 
the large bowel The pa s tes are reddi h yellow m color and thick and pear shaped 
be ng slightly concave vcnCrally with a t ansluceot gelatinous appeara ce They 
measure about 8- o ram long by 4-5 mm wjJe The posterior sucker has a diameter 
of about 4 mm Tbe oral sucker is sunken and more indist ct It bas a transverse 
diameter of about t mm It is provided with a bteral pouches The egp are ovoidal 
m shape operculate and 1 ght yellow in color and measure from i o to 130M by 7511 
They are immature when laid Tbe details of the Lfe cjde are unknown The normal 
hosts for Ihi p rasite appe r to be several speaes of monkeys m which the parasite 
has been found in Africa Malaya and Japan In Trench Guinea Cfrc pilhecus c 111 
I uhu IS rec rded as the oormal best 

Infection m n is probably contracted as in the case of other amphistomes by 
ingesting vegetation on which the metacemnae ha e encysted he ce avoid nee of 
eiluig uncooked vegetables grown in water wh ch has been contain nated by tbe ova of 
the worms would p olect against i tectioa 

Paragonimiasis ^ndeimc Haemoptysis) 

The disease is due to infection with the trematode Paragonimui 

uestermant (P nngm) and is characlerued by pulmonary symptoms and 
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tions the diarrhoea disappeared a few weeks after the infection became 
established The eosinopbtlia was increased to as high as 38 per cent 
5 weeks after the origin of the infection and came down to normal a few 
weeks later In the meantime a large number of the parasites present 
were cTpelied The human infections were not transient, the worms being 
still present and producing o\a 7 months after the etpenmental infection 
The infections were severe as was shown bj treatment with tetrachlo: 
ethjiene As man> as 260 flukes were brought away in the first stool 
after treatment 


Epidemiology —Human infection with Bchtneslomts occurs from the fact that the 
ceicanae after escaping from some small snail nbich serves as tlie£rst lotn 

mediate host penetrate into and encyst in various other molluscs which are locally 
eaten InLuzon the parasite enrysts in the snail Pifa fu onieo which is eaten raw by 
the Hocarnos The cosmopoUtan parasite of dogs and geese E rtfolutun is said 
Chandler to infect from 3 to 6 per cent of people in parts o( Tocmosa and to result liom 
eating raw limpets Sandgrouod and Bonne m their studies m the Celebes found 
that practically 100 per cent of the snaiU were infected in the rice Gelds in certain 
localities About Lindoe m 3 villages they found butcau percentages of infection of 
g 6 44 and 34 The mussels taken from the lake close to the heavilv infected village 
were found carrying Large numbers of EcAinesrome metacercariae The muueli con 
stitute a prominent article of the daily diet of the local population Tbev are eaten 
after passing through a primitive boiling process Such cnussels on being fed to labors 
Cory bred rats end mice and bemg eaten by both Bonne and Sandground J reduced 
infections in which the EcAinojrirmes were demonstrated In rats and mice the para 
sites do not grow a large as they do in man 

In Batavia Sandground found 33 cases of human echmostomiasis among the lunatics 
at an asylum for (be insane The normat population living near were not found to be 
infected It was found that the consumption by the lunauca of uncooked snails took 
place as was directly witnessed by Sandground 

Treatment — Sandground has treated ii cases with 3 to 4S cc of tetrachlorethjlene 
(CiCl ) The patients passed from 13 lo over ^^o worms after the adminisirsiion of 
the drug 

Prophylaxis —According to the investigations of Tubangui in the Philippines and 

of Sandground in Java tbeparasiteE is primarily one of the Norway rat or 

Geld rat However the parasite has also been found to be common m dogs in Canton 
by Chen (1934) Ifcnce all of these animals may serve to disseminate the disease 

Other species of Echmostomes recorded from man are /*ory//i9SI(ufiMm svfrarljftt 
a pig parasite one human vase in Assam Ethiiteehasmus ftrjelialus and E 
parasites of the cat and dog in Europe and the Far East which use fish as second inl« 
mediate hosts A few natural and experimental human cases have occurred m Japan 
Himoit/fa mtuWenji one human case thought to have been acquired from eating taw 
clams in New \ork And several other species of £cimojtiima in Rumania Russia and 
Japan some of which encyst in tadpoles £ faraulun pathogenic for pigeons has 
b en reported from man in Russia A specie of Phliorchts has been found by 
and Garcia at an autopsy of a native of Itocano P I where the inhabitants eat the 
grubs of certain insects believed lo be the second intermediate hosts of this trematode 
Sandground (1940) has reported a second species from a native in Batavia and has 
named Ibe species P }o tv»i 

Gastrodiscus hominis (Lewis snd McConnell 1876) (Amphistomum bonunivj 
normally a parasite of the pig has been report d m man in India China and the Malay 
States The parasite was first found and described by Lewi* and McConnell occurring 
in the caecum in a patient in India and subsequently redesenbed by Leiper and by 
Ste tw Th former treated ibe gcuus Ceilreitite <fes tor it It is a relatively com 
mon human parasite m Assam Thus Buckley (1939) found it in over 40 per cent of 
331 people examined m 3 villages in Assam, where it was thought to be probably widely 
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pore The testes and ovaries ire brandied Theovary and uterus are placed on oppo 
site sides of the body in front of the testes Thecutidei coveredwithscale Lkespines 
The species are differentiated largely on the arrangement of the sp nes In P Tinmen 
they have been described as rredge shaped a d grouped w clusters of 3-1* In P 
west rmam (the species observed by the wntet in the Ph I pp ne Islands) they are 
scattered and in P comp ct s they are said to be arranged in clumps 

A study of the life cycle has demonstrated difference in both the morphology and 
behavior of the developmental stages betneea the Korean and American forms and 
also between the Korean and Japanese forms P ieU coll which has been found in 
North and South Amenca m the pi dog and cat and goat is a rather common parasite 
of the mink m North America and Canada At least o e c se of human infection has 
been repotted in No th America It is beheved by some pa a itologists to represent a 
distinct species Itowever Chandler (1940) thinks a 

final settlement of the spec es of this genus is not yet “ 

possible A selected species has been found in the tiger 
m the Malay States Recently Chen has found a form 

in rats in Canton /. r » ^ \ 

The eggs are dark brown 90-sSM in sire ThesheU a 

shows a thickening opposite the opercul m which is \ 

most marked in P 1 X i They are unsegmenled ^ ihe^ 

when deposited and require about 4 weeks under * H 

favorable eood lions for the development of the i v 

miraeidium outside the body I fej 


Infection of man results from consumption | 
of infected crabs or crayfish which serve as the j w 
second intermediate host ici endemic regions -h ^ 

The ova of the parasites usually coughed up 
in the sputum and expectorated or sttallowed * 
and passed m the faeces are the source of t 
infection of the intermediate hosts Hence L_« _ . 

human infection is often sporadic Pic 33* —P t "i 

e r photograph f m 

The first intermediate host is a snail of which at t Uy mm t re spec in n 
least s s species of Jllelonio have been fo d (0 be (P m Ty n j 
effective part cularlyi/ I he I oof related forms In 

Venezuela where P k II colli is found the snail is Amp lU lat I 0 I a These are 
perculated aquatic snail attacbedtosto es etc in ponds and streams Thecercanae 
after escaping from the snail mto the water bore their way 1 to certain species of fresh 
water crustaceans the second interued ale host 

Thesetondi teimediate host isacrab a speaes of the genus I’olamon Elio A r or 
in Korea a Speaes of crayfish Ashcui in which they undergo growth and development 
for 6 weeks or mote In the United States Chandler (1940] says /'omol o^ stapid 
serves as the molluscau host of P tclhcolti while probably all the spenes of Camba 
serve as the crustacean hosts (Ameel 934) In the human cases of infection of P 
ktil coU rtpojled jn the U ted Slates thepabealsh d ealen crayfirh prepared by a 
Germancook Experimental feeding of pupries with infected crabs hash oughtabout 
infection with the lung fluke In Japan and Chi a these cr stac ans are often eaten 
raw (soaked in spiced wine) but in Korea and Formosa where the infect op is also 
commo this custom does not prevail a d some beheve th t the encysted cercariae 
m y enter the body m some other way perhaps in eonlao ated water in which they 
may h e for some time after escape fr m th second intermedi te host 

Aft t Uberation from the i gestedeyst the young fluke is believed to penetrate the 
intestinal » U migrate through the peritoneal cavity and burrow through the dia 
phragm into the 1 ng Here they mat e and are found often in Urge numbers in 
funnel like cavities or cysts fined by fibrous walU which commumcatew th the bronchi 
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b> the appearance of rusty brown sputum in which the characteristic eggs 
of the parasite are present 

GEOGRAPHICAL DISTRIBOTION AND HISTORY 
Geographical Distnbubon. — The disease occurs in the Par East m New Guinea the 
Dutch East Indies India and in parts of China Indo China Siam and the Malay 
States and the Philippines Also especially in Xorea Japan and Eoioiosa wherein 
some districts from 40 to 50 per cent of the population are infected In Africa the 
disease has been encountered especially in the British Cameroons and the Belgian 
Congo and in South America in Ihe hlatto Grosso area of Brazil m Pern and in 
V enezuela The species described as P keUtceUi has been found in at least one human 
case in the United States 

History — In 1880 Baelz found the ova in the sputum of a Japanese patient with 
haemoptysis and in the same year Manson descnbed the disease and found the ova in 



Fic 3St —Sputum of man conta n ng eggs of the lung flute g eatly enl rg d (Alttt 
Mansou) 

the sputum of a Chinese Manson s patient subsequently died and at the autopsy 
a fluke was found in the lungs which was the source of the eggs seen by him in the 
sputum However Ringer (1881) first found the mature parasite m an autopsy m 1879 
which was later described by Cobbotd under the name of Dtstamum nngert Subse 
quently it was recogmzed to be closely related to if not identical with the previously 
descnbed Faragommus ^esUrmam which Kerbert found in the lungs of two Bengal 
tigers which died in the Hamburg and Amsterdam zoological gardens A relatively 
high incidence of Paragammus infection is found to east among leopards and tigers in 
China (Wu 1939^ 

Japanese investigators espeaaBy Kobayashi and Yoko^awa have contributed to 
the elucidation of the complete bfe cycle 

Etiology— ParogoBimuj (Kerbert 1878) and F rtngm {P eompaclm 

Cobbold 18S0) are very closely related or identical flukes which occur as parasites in 
the lungs of man They also occur in pigs dogs cats rats end vanous wild carnivores 
as the tiger wildcat panther foa wolf and the beaver The flukes are reddish brown 
in color and rather flesh like m appearance measuring from 8-20 mm long and S"9 
wide They are ovoidal la shape with some flattening of the ventral surface The 
oral sucker is terminal or subterminal A ventral sucker the acetabulum is con 
spicuous and lies just anterior to the middle of the body and close to the common genital 
Miller and 'Wilbur {1944) have reported 3 cases in Marines from the South Pacific 




abscess Ko {1939) also found large cumbers of ova in a discharge from 
an abscess m the left side of the lower abdomen as well as m the sputum 
In some instances there is glandular in\ohement which ma> be accora 
pamed b> fever Jacksonian epilepsy has been reported as occurring m 
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fiving rise to many of the palhofogical and cfioical feature# of broochieetisis Hers 
they may five for at least 6 yean pombly much Jonger The o\a ate o(l n sWIof.td 
in the sputum and may be passed m the faeces Less often the fluLes invade diet 
tissues including the liver intestinal nail (when ova also may be found 10 the faeces) 
testes prostate lymph nodes skm muscle and brain 

Pathology — On examining the lungs, small brown spots may be thicLli 
distributed o\er the entire surface of the pleura, and deeper in the lungs 
manj small cjsts of a deep red color ina> occur in all of which lesions 
the parasites are found The flukes are also often found in burrows or 
tunnels the walls of which are formed of connecti\e Uisue These 
lesions or tunnels result from hypertrophy of the bronchioles Cj-sts 
tnaj also be formed from breaking down of the adjacent tunnel walls 
Musgra\e in his studies m the Phihppinet> described (1) non suppura 
tive areas containing eggs leading to round cell and connects e tissue 
reaction and usually to abscess formation (t) tubeicle like lesions in 
which the abscess might contain caseous material (3) suppurative lesions 
and (4) ulcerative in which the healing was onlv partial He also pointed 
out that the peculiar bluish cyst like burrows of the parasite occurred 
in many organs and tissue> besides the lungs Such lesions are encoun 
tered in addition to the lungs and pleura in the intestine and peritoneum 
liver, mesenteric lymph glands muscles testes and brain The intestinal 
mucosa is a common seat of infiltration and here an mnammalory reaction 
sometimes occurs, ending in ulceration, with the appearance of the eggs 
m the faeces Robertson has reported the present-e of ova in the spinal 
cord which produced during life transverse my ehtis 

In the lungs in advanced cases there may be a picture of generalized 
or localized acute cirrhosis with cystic dilatation of the bronchi and 
tubercle like abscesses Leucocytic infiltration occurs about the para 
sites and there is frequently fibrous encapsulation 

Symptomatology —The case is often considered as one of chronic 
bronchitis on account of the occurrence of cough and morning expectora 
tion of a gelatinous sputum which is usually brownish or reddish It is 
also known as endemic haemoptysis for the reason that after violent 
exertion, or at times without manifest reason attacks of haemoptysis of 
varying degrees of severity come on The signs on percussion are usuaHy 
insignificant while those on auscultation at the time of haemoptysis are 
often marked The symptoms often disappear for months to again 
reappear Bercovitz found that "V ray examination of the lungs was 
usually disappointing while hpoidol infiltration revealed no cavities, prob 
ably because the Paragontmus infection occurred particularly at the 
periphery of the lungs However Wang and Hsieh Cipy?) found there 
were shadows of infiltration which are direct evidence of Paragontmus 
infection and therefore of definite diagnostic value In some instances 
the physical signs may suggest broncho pneumonia or pleural effusioa 

The course of the disease ts very chronic often lasting many years 
As a rule the patient is fairly well nourished although recurring attacks 
of haemopty sis may bring on a rather marked anaemia In the intestinal 
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could not be followed 4 had no Tccnnence of symptoms 5 months latti 
I died of unrelated disease and 2 relapsed with much haemoptjsis 
Faust (1940) appears to be doubtful about cures resulting from the 
Use of emetine He recommends removal of the patient from the endemic 
foci when the clinical symptoms are usually less severe after 5 or 6 years 
Troglotrema sahnuicali (Chaim 1916) are small flukes i mm or less in length 
belonging to the same family as Pa agMimut They are common parasites of flsh 
eating mammals (dog coyote lot raccoon mink and lynt) in northwestern United 
States and of eastern Siberia Human infect on has been reported from eastern Sibena 
The snail host m Oregon USA accordi g to Donham Simms nd Shaw (1931) is 
Gpniitbas s pi eiftra The free swimming cercatiae (from the snail) became attached 
to and later encyst primarily in the kidney- of the salmon and trout When eaten 
uncooked infection occurs in the definitive host in the small and large mtestine in 
which the parasite becomes deeply imbedded The parasite 10 itself is apparently not 
associated with the production of disease but >t is of interest because its presence has 
been associated with a highly ( tal disease in dogs called salmon poi oning Simms 
a d h s ass ciates (i9]r) have obtained e deuce that the disease is caused by a virus 
lor which the fluke serves as a ve«or Theflokeli esinthe intwt nal wallof the host 
After an incubation penod of a week or rnore there is loss of appetite fever and 
sensory depression tallowed by oedema violent vonsiuog and dysentery rellowing 
the d sappearaoee of these symptoms the temperature may drop and death ensue within 
94 hours to 48 beun Recovery from one attack confers immunity It th case 11 
diagnosed with n 3 hours of onset (tom a-fi mill grams of apomorphioe by mouth 11 
aa d to ptoUet the animal iCowevet the severe aymptoms caused by the vitus have 
not been described in man Strom ( 93 ) has reported that aspidium is an elSeient 
aathelnuntic lor removing the worms from human cases 
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paragonimiasis the ova being found in cysts of the brain There is some 
question as to whether some of the earlier reports as to cerebral paragoni 
miasis may not ha\e been connected with infections with Japanese 
schistosomiasis However in Japan a number of cases in children with 
brain symptoms attnbuled to infantile paralysis encephalitis, meningitis 
or cerebral haemorrhage were subsequently found to be due to infection 
with Poragoinmns 

Diagnosis — The diagnosis of endemic haemoptysis is readily made by 
finding the operculated eggs m the more or less sanguinolent sputum 
The sputum also usually contains altered blood corpuscles and eosino- 
philes Charcot Leyden crystals are often present The faeces also 
should be examined Eggs that are swallowed with the sputum may be 
found m the faeces even in the absence of intestinal lesions Ando has 
described a Bordet Gengou complement deflection test using an extract 
of the adult worm as antigen as an aid to diagnosis in obscure cases of the 
abdominal and cerebral type 

Prophylaxis — The first step m prevention is to av oid the eating of raw 
or partially cooked crabs or cray fish There is also a possibility that the 
cysts on the gills of the crustaceans may escape into the water and on 
drinking this water man may become infected Chandler has recom 
mended the treatment of water supplies with i to 1,000 000 copper sul 
phate which will kill the moUusks It also wiU kill algae, but unfortunately 
It also may kill the y oung of some species of fish The sputum of patients 
should be sterilized 

Treatment — ^Tartar emetic does not seem to have much effect on the 
fluke but there have been encouraging reports from the use of emetine 
Martin has tried mercurochrome m combination with emetine Emetine 
hy drochloride has been espeaally recommended and kobay ashi and Ando 
have reported encouraging results with this drug which is said to lessen 
sexual activity of the trematodes It was injected intramuscularly into 
patients in doses of I jyce of a e per cent solution 4 times daily for 5 days 
but it must be used with great caution especially in cases where there 
IS any myocardial trouble 

Bercovitz recommends emetine in i gr daily doses for periods of 
7 days He also reported marked improvement following lipiodol injec 
tions into the bronchi 

Yokogawa (1940) has reported good results m the treatment olFara 
gommus mfection by prontosil Three dogs were first treated successfully 
with 2 5 per cent solution of proniosd with emetine hydrochloride which 
brought about rapid and radical cure Nine human cases were then 
treated by intramuscular injections of prontosil 2 5 per cent to a total 
of 60 to 165 cc and with intravenous emetine bydrocblonde 4 per cent 
to a total of 12 to 23 5 cc over apenodof 7 to 17 days In 6 patients the 
treatment was continued until the eggs after a temporary increase in 
number during the first 4 days disappeared from the sputum In 3 it 
was stopped when the degenerative changes in the eggs became con 
spicuous, but in these the eggs finally disappeared Of the 9 patients 2 
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could not be followed 4 had no recutrence of symptoms 5 months later 
I died of unrelated disease and 2 relapsed with much haemoptysis 

Faust (1940) appears to be doubtful about cures resulting from the 
use of emetine He recommends removal of the patient from the endemic 
foci when the clinical symptoms are usually less severe after $ or 6 > ears 

Troglotrema salmincola (Chepin 1926) are small flutes 1 mm or less m leagth 
belonging to the same finuly as ParagMimus They are common parasites of fish 
eating mammals (do coyote fot raccoon nunk and lynx) m northwestern United 
States a d of eastern Sibena HumaninfectionhasbeenreportedfromeasternSiberia 
The snail host in Oregon USA according to Donhatn Simms and Shaw (1932) is 
Gonmiasis pUefera The free swimming cercarue (from the snail) become attached 
to and later encyst primarily in the kidneys of the salmon and trout When eaten 
uncooked infection occurs in the definitive host id the small and 1 rge intestine m 
wh cb the parasite becomes deeply imbedded The parasite in itself is apparently not 
associated with the product on of disease but it is of interest because Us presence has 
been associated with a highly fatal d sease in dogs called salmon poisoning Simms 
and hi associates ( 932) have obta ned evidence (tut the disease is caused by a virus 
for w hich the fluke serves as a vector The fluke lives m the i testi at wall of the host 
After an incubation per od of a week or mo e there is lost of appetite fever and 
sensory depression followed by oedema violeot vomitmg and dysentery Following 
the disappearance 0! these symptoms the temperature may drop and death ensue within 
24 hours to 48 hours Recovery from one attack confers immunity If the ease is 
diagnosed within 3 hours of onset from 2-6 milbgrams of apomorph e by mouth 1 
a id to protect the animal However the severe symptoms caused by the rus have 
not been detctibel in man Strom (193$) has reported ibat aspidium is an affieient 
anthelmintic for remov ng the worms from human cases 
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Chapter XLIX 
CESTODES 

iNPECnOMS WITH CeSTODES 

Although some $ or 30 difictent species of tape worm, have been 
reported as attacking man there are onl> 4 adult species and 3 larval 
species which are at all common Of the family Diphvllobothriidve 
DtphylMothnum latum as an adult is very common while the larval 
form of D mansoni {Sparganum mansont) ts much less common Of 
the family Taenudae as adults T soltum T sagtnota and Hymen 
olepis nana and as larvae Toenta soltum (Cyslteereus cellulosae) and 
Ei.k%noeoecus granulosus are likewise prevalent Hymenolepts dmmtita 
and Dtpylidttm caninum are fairly common but all other tape worminfec 
tions are rare in man Taema sagtnala ^ad T sefiwm and their larval or 
c>stic forms ate frequent m different parts of the tropics and subtropics 
while Ifvmenole/ns nono vs largely hmiledto and Sfariaivummaitsoinand 
S prohjerum are generally more common in warm countries D latum is 
more common in northern climates 

Z I tteal Constd r I ri —Anal micaily a tape norm may be conside ed as a 
senes ol individuals united m one nbbon bke colony It is made up of a relati ety 
minute bead th 1 cescr I mother segment and a series of daughter segments 
[profltitiidts) which arise from tbe head by a continuous process of cell pr 1 teration 
The h ad and the ad)atent sit d pottion oi the body wi which segmentavion a not 
distinct (the neck ) together constitute the stotex The seolev and the proglottides 
const tute the t i la The head is provided with sucking discs and freque tly with 
booklets earned b> a piotrusible structu e tbe rostellum nh ch enable the pa as te to 
attach Itself hicily to the testinal mucosa These structures are import nt m classifi 
cat on The head is the portion of the worm which u of primary importance The 
permanent e acuation of one of these paras tes is accomt^ished only when tbe head as 
well s the segments IS cpelled Otherw ethestrobilawiU be reformed fr m the head 
The iced contains the central nervous tissue and the commenetlne t of the water 
vascular (etc et ylsystem Thereisnodigesti esystera noun hment being ab orbed 
d ectly from the 1 testi ai contents of the host 

The ^roilsKiifcj may be reg ided as setually complete hermaph oditic individuals 
practic Uy eggf cto les Tbeyi e covered by an elastic cuticl and m their intenor 
cont n ellipt cal bodies compos d of calcium c rbonate varyuig from j to 25M 
m d ameter m different species Thes cakaie us bodies are charactenst c of cestode 
t ssue Aside from the sea organs they conta n neat each late al marg n runn ng the 
entire length of the worm a sle der ne ve fibre and a pair of eictelory ca ais which 
usually comm cate with the oppos te canals by a transverse canal The segm nts 
a y in number from 4 in the iIcA mcoecKS to 3000 o mart in Diphyll holh lumlal m 
The mature segment a e at the caudal c d 

Each segment c ntams a central uterus ofte with a varying number of lateral 
b anches ov ries (near the e tral surface) vtlUnegl dslo tbe secretion of yolk a 
shell gland nd a vagina leading from the ge italporeto the receptaculuraseminis and 
14fil 
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to the owduct From tie Ja 1 1 ee a duct nm to the uterus tn « iici (6< eggs 
Each egg contains three pairs of hooktets 'Here are also minute testes from three te 
many w the lapevsormsol man asyslewofeollecljn^tubulesandavasdefefensopemflg 
atthegemtalpore and differentiatedatUs terminal portion into an jntromitseotauscu 
lat organ the cirrus Fertiliaalxm of ova may be effected by sperm from the same 
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may wriggle out tlirougli the anus orittaeccsliavebeen deposited on the ground it may 
creep away from the faecal mass into the grass and there disintegrate and liberate eggs 
m a situation in which they are likdy to be eaten by a cow 

ii/e Cycle — Practically all cestodes require both a definitive and an mtermediate 
host For nearly all speaes infecting man man t the def tl ve host and is usually 
injured little if at all by the infection The s U med ale host tnay be another mammal 
a fish or an arthropod In the Tasotoidea when eggs are swallowed by an appro 
priatehost the shell is dissol ed and the bbented embryo (onchosphere) with the aid 
of its booklets burrows through the gut wall and penetrates into a suitable tissue where 
It encysts producing a bladder hke atructnre containing fluid The booklets are then 
discarded At one or more points the ceDsin tiie wall of the cyst proliferate and invagin 
ate to form a scolev If a single onchosphere gives nse to a single cyst containing a 
single scolev as in Taenia the structure is called a eyr/seereur If it produces a single 
cyst contai mg many scohces it ts termed a cue itrut asm C e 'ei alts of sheep (the 
larval form of ifullicipt mvlltcefs of the dog) If it forms many cysts each contaiiuiig 
many scohces an eeiinaeoceus The term eytlicercaid u apphed to a cysticercus which 
13 minute and contains very httle fluid as in Ilymettalepis When the cyst is ingested 
by the definitive host the scolex evaginates attaches itself to the intestinal wall and 
develops into the adult worm 

Man IS an intermediate host ui tbe case of Eehtnaeoecus panulosut rarely of T 
sol um and a few ether cestodes and may suffer senous injury from such infection 

I Head with two elongated sht like suckers genital pores entral rosette shaped 

uterus Bothnocephaloidea 

A Single set of gemcal organs in each segment Diphytlid’ollnum 

B Double set of genital organs in each segment Diploionop rus 

C Immature forms showing eharaeten t c$ of Sothriocephalo dea (collective 
group) Spartanun 

II Head with fou cup Lke suckers genital pores lateral Taento dea 

A Uterus with median stem and a varying number of lateral branches 

(0 Headwitbtworowsofbooks Manysegments Uterus with 5 to 12 lateral 
branches Taenta lofium 

(s) Head without hooks Many segments Uterus with 5 to 30 lateral 
branches rsenio tagiitala 

(3) Headwitbtworowsofbooks 3 to 5 segments only Echnococeus panulo 

B Uterus w th ut medi o stem and lateral branches 

(0 Genital pores single PosteDum with not more than two rows of hooks 
(a) Suckers rmed with numerous small booklets Fifteen to twenty testes 
in each segment Do nea 

(fi) Suckers not armed Three testes in each segment Bym olepis 
( ) RostellumwiChasmglerowof booklets Length 1 to 8 cm. Hymen 
olepn nana 

(2] Rostellum unarmed Length 20 to do cm. Bymenotepxs d m nutt 
(2) Genital pores double Rostelliunwithfout or five lowsof hooks Dipyl d 


Taemasis 

Taema sagmata (Goeze 1782) the beef tape worm or unarmed tape 
worm IS found throughout the world wherever beef is eaten Man is the 
definitive host cattle act as ^mtennediate host It is the commonest 
large tape worm of man next to Hymendepu nana m the United States 
It has a world wide distribution In some localities as in Africa and 
Syria and also among Tibetans one fourth to three fourths of the inhab 
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Hants are reported as in/ectcd The Tibetans prepare beef b> broilin. 
It m large chunks o\er an open fire This sears the surface but scarcely 
warms the interior IIowe\er m the Hindu sections of India infection 
with T IS practically unknonn among the natives since only the 

lowest outcasts will eat meat from the sacred cow, or e\en that from 
water buffalo 

iforpfidag} —The adult worm is found in the proeimal part of the small intesUne 
It IS from 4 to 8 meters long and is made up of several hundred (up to jooo) segments 
The small pear shaped head (i s mm ) has four pigmented elliptical suckers but no 
booklets The armed rostellum of 7 “ sdium is abMnt being replaced by a depression 
(sucker) The mature proglottides are plump about 18 to jo mm long and s to 7 
mm wide There is a single genital pore which usually appears on opposite sides 
of adjacent segments The uterus has 1$ to 30 slender lateral branches on each side 
which show forking or tree like branching in contrast to T solium which shows j to 
ra lateral divisions only There ate two o\anes 

Lift Cjcfe — The eggs are slightly osoid about as by 3511 in diameter and possess a 
thin transparent outer shell which i usually lost in the faeces Withm this there is a 
thick radially striated layer (the embryopbore) containing the embryo proper (the 
onchosphere) usually w ith three pairs of booklets The eggs can not be distinguished 
with certainty from those of T soltum 

Alter ingestion by the cow the onchosphere is liberated in the small intestine and 
penetrates into the tissues especially the diaphragm heart tongue and masticatory 
muscles Here they become encysted forming small bladder like structures about 6 by 
8 mm in sue (bladder worms) containing a small scoles but relatively bttle fiiud 
{CystittrcHS bns) The absence of booklets about Ibe head distinguishes it from 
Cyslicereus ctUulosae the larva of T seliam They remain quiescent in the muscle but 
viable for many months at least All reports of this larv al stage in man are open to 
question 

lafechon —Human inlection 1 acquired from consumption of infected beef con 
taming the Cystictrcus larvae When infected meat is eaten taw or inadequately 
cooked the cyst wall is dissolved the scolex attaches itself to the intestinal wall and 
grows rapidly reaching the adult stage after about two months The maximum dura 
tion of life IS not known but is at least several years Cattle become infected from 
grazing on ground w hich has been polluted by human faeces containing the ova of the 
parasite Fenfold and Phillips (1937) have reported that the ova may remain viable 
on exposed pastures for 8 weeks or longer 

Pathology and Symptomatology — During the later stages of the incuba 
tion period when the parasite is in the intestine and is reaching the adult 
stage diarrhoea and hunger pains not infrequently develop and a Joss of 
weight may occur \\'hat is known as the proverbially ravenous tape 
worm appetite is common Dunng the early stages of infection a leuco 
cytosis may occur together with an eosinophilia which m some instances 
has reached 34 per cent Later m the disease there is more usually a 
slight leucopenia The presence of the parasite in the intestines usually 
causes no distinct lesions although mechanical injury may result at times 
from Its obstructing the intestinal canal and slight injuries to the mucous 
membrane may occur at the point to which the parasites adhere In a few 
instances reports of appendiceal cohe have been made in which the pro- 
glottides of the worm became clogged in the appendix The parasites 
may also cause digestive disturbances and nervous symptoms due to the 
producUon of toxic substances which are absorbed 



Swaitzweldei (1939) >• study of 60 cases m New Orleans found abdominal pam 

excessive appetite weakness andlosaofweiglittobethecommonestsyroptoms Other 
patients may e penence nausea difficult breathing digestive di turbances dizzi ess 
restlessness insomn a and occasionally convul ions or epileptic dts Some patients 
become greatly emaciated 

Chandler ( 940) lepoits a case which bad been treated for tuberculosis The 
p tient was i eak anl easily exhausted aud subject to mental disturbances his cheeks 
were sunken his frame emaciated a d eyes staring ithm a fortnight after 2 Urge 
Taoin had been expelled h s cond t on was entirely changed for the better although 
he bad been suSenng for over a year On the other hand many Cases remain in robust 
health and re eal almost no symptoms of infection 

Prophita depends upon adequately cooking beef adequate inspection of all meat 
and sanitary disposal of human faeces The parasites a e easily killed by heat They 
are also killed by thorough salt ng and by refrigeration for (htee weeks or more It is 
probable that the various raw meat cures have made the infection more common 
Abnormaht es of both the scolex and the proglottids are common Several related 
species which have been described are bcbeved by many t be merely variants of T 
sagtHala as T coiifusi in the Unit d States Nigeria and East Africa (4 cases] T 
/ c 1 E Africa ( cases) and T philippina in Philippines 7* b emit 1 ease in 
Nigeria etc Fo I eal tut see p 147? 

Taema solium (Linnaeus 1758) the measl> pork tapeworm has a 
world wide distribution and maybe met with wherever raw pork is eaten 
It IS very rare in the United States Canada and England but is fairly 
common in north east Germanj and some other parts of Europe especially 
among the Slavic peoples It is not found in Jews Mohammedans or 
other races that do not eat pork Man is the definitive host and the 
hog the normal intermediate host However man may serve as inter 
mediate host of the larva and this form of the infection (Cysiicercus 
eellulosae) is commoner or more often recognized m man than infection 
with the adult parasite 

In Djsny parts cEiheworid snN tb Amenca India and the Phil ppices Chandler 
points out buma infections with adult worms are $ rate that many laboratories ate 
unable to obtain specimens of the pa as te for instruction yet bladder wo m infecUon 
(Cysticercus) n pigs is of fairly frequent occur e ce This is y« unexplained The 
pig however i not th only inte med ate host of the parasite The bladder worms 
or cysts have also been reported m dogs monk ys and m camels as well as m man 

rf ad fj IS somewhat smaller th n r sagmafu rarely exceeding 000 segments and 
J to 4 meters ID length Th beadis^bula mm indi meter andh sarostellum 
armed with 26 to 8 booklets The mature proglottdes are 5 to 6 mm wide and 10 
to 1 tarn long The ute us show 5 to 10 or i coarse lateral branches There are 
two ovaries but the ovary on the po e s desomet mes shows a small section separated 
from the rest of the ovary by the apna These menu are passed with the faeces but 
do not ro g ate spontane usly from the host The eggs are sphenc 1 or slightly oval 
measure 30-40(» in diameter and are buff to w Inut in color itl a thick wall radially 
striated Within there is a v telline membrane enclosing the fully developed embryo 
or oncho phe e » ith usually 3 pairs of hooUeU According to \q hino (1934) as many 
as 9 pa rs may b present 

I- /e Cycle — When man » wife ted segm nls single m chains are expelled from 
the intestines almo t daily riequently se eral bund ed are pas ed during the month 
each segment contain g thousands of eggs E Iher before or after leaving the body 
theprglottd by their own movements freq ently ruplur the uterus ant rioriy and 
force out mo t of their ova Eithei the ova or the p oglottides which may reach pigs 
thr ugh their water or f od become ingested Upon ingestion by the pig or other 
su table animal the onchosphe es or emb yo are liberated and then bore through the 
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mtcslinal wall and make their way throagli the blood or lymph channels usually to 
the muscles or meat often locahamg in the tongue neck and shoulder muscles but 
any tissue or organ may he involved When they am vest their destination they groir 
into bladder worms or Cyslrreercut cellulotM These are small oval nhitish bodies 
with an opalescent transparency 6-i8 mm long with a denser white spot on one side 
where the scolez is invagmated Such pork is called measly pork Deselopment 
takes about 3 months when they attain a diameter of 6-ia mm They may remain 
viable in pork for years 

Human infection is acquired nhen undercooked pork containing the 
bladder worms is eaten bj man The scolex is then digested and the 
latter turning right side out, anchors itself to the wall of the small 
intestine and grows to maturity m about 2 or 3 months While coo 
siderable growth of this parasite may take place m dogs man is the only 
final host so far as is known 

Symptomatology and Pathology — ^The adult Taema solum m the 
intestines gi\ es rise to the same symptoms as described for Taenta sasmia 
(see abo\e) In many robust patients the symptoms are not very dis 
turbing However rare cases have been reported in which the sccrfex 
had apparently perforated the miestinal wall, giving rise to pentomus 
Also T solium is particularly dangerous because the larvae or bladder 
worms as well as the adult can develop in man Thus if the eggs are 
ingested by man or if self infection with the eggs results (either from cod 
tammated hands or fay ripe segments of the parasite being carried back 
to the stomach by reverse peristalsis) the embryos may he liberated 
there by the action of the gastrjcyuice and after migration into the somatic 
or visceral organs give rise to cysticercosis In such cases any organ of 
the human body may become infected including frequently the bram 
and occasionally the eye In such localities the cysts may become quite 
large and cause grave disturbances It is therefore very important to 
identify the adult parasite when present to enforce rigorous precautions 
to avoid ingesting eggs and to institute treatment promptly 

Cluucal Rod Patbological Features — The eCects produced by the Cyjlererrci la 
man depend upon the severity of the infection and tbe location m the body A few 
when situated in the muscles or subcutaneous connective tissue may cause Uttle dis 
turbance However when the parasites locate in the eye heart spinal cord or brain 
they may give rise to alarming or senous symptoms especially as a result of mechanical 
pressure They base been found roost frequently in the subcutaneous tissues but 
infection of the brain is very frequent where they have been encountered commonly in 
the ventricles or in superficial cysts and may give rise to convulsions epileptic attacks 
and paralysis Next to the bram in order or frequency they have been found in the 
eye the muscles heart liver lungs and abdominal cavity 

The presence of the growing laivae in the tissues usually gives rise to a local ‘"“j” 
matory reaction and mfiltration of the area with lymphocytes neutrophiles eosmopmlw 
and plasma cells Later the Cysticertus becomes surrounded by a fibrous ^*Pj*T* 
Giant cells may appear In other instances necrosis may occur and be followed by 
caseation 0: calcification of the laivae The calcified cysts act as foreign bodies in the 

Chnically the infection in the bram is a common cause of convulsions and epileptic 
attacks Such attacks and Iheir common occurrence have in recent years been enipha 
sited particularly by MacArihur (i<>3«) Dixon and Smithers (193*) and Chung and Lm 
( i93J) MacArthur has shown that the frequency of epilepsy la tbe British Arm/ 
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espeaillv m soldiers who have served abroad is due to cysticercosis of the brain In 
some instances cerebral tumors had been suspected before corte t diagnos s of ey ti 
cercosis was made bervous symptoms oth« (hsn fits may occur and the initial 
symptoms may resemble disseminated Kleros s Psychical states have been reported 
uith cerebral irntabil ty or loss of memory Even acute mama or melancholia has been 
observ ed 

Diagnosis of the intestinal infection with worms of this genus can 
sometimes be made by finding eggs in the faeces but the species cannot 
be identified in this way Precise diagnosis depends upon finding and 
examining a segment of the wrorm This should be mounted between 
2 slides and compressed sufficiently to inaLe clear the lateral branches 
of the uterus when differentiation can be made by counting the main 
lateral arms of the uterus 7-13 on each side as distinguished from 15-20 
for T soginaia Alter an anihelmmuc all the stool should be saved and 
screened and the sediment thoroughly searched for the bead using a hand 
lens If the scolex is found the armed rostellum differentiates the para 
sitefromT saguiata If the head is left behind a new worm will develop 
but a or 3 rcionths may elap c before eggs or segments reappear There 
may be several worms present 

Dm esi f Cyslice cenr— In cases of epileptic attseks or similar nervous symp 
toms t careful search by palpation should be made (o discover any cysts They may 
be the I ze of a small pea a hasel nut or even a pijeon 1 eg; Their distribution vanes 
They ha e been found in the lips masseler muscles in tbe < stues of the neck chest 
abdominal nail back and groin If (bey are not numerous they may easdy be over 
looked At tbe t me of examination they may be absent but appear at a later date 
Radiological examination may n t re eat them as calcification u ually doe not occur 
bef rcse eral years after infestatMn If cyscsaredemonstrated they should be excised 
whole under novocain anesthesia and the e tire host capsule removed care being taken 
not to injure tbe cysticereus When tbe parasite becomes calcified a good skiagram 
w II frequently reveal it as a small elo gated shadow Manson Babr reports that 
evidence of calcification wsthsn tbe brain bas been dtmonsiiated in $ cases Unfor 
tunately tbe eosmophile count s no aid (o d agnosia as in no cas s so far invest gated 
has an 1 crease been sfa >n Complement fixation tests have also not been of great 
vvlue since in some insta ces a negative lest does ol exclude the infection and the 
inlr dermal Casoni test n as positive i only about half the c ses 

Thereha ebeense ral fatal casesio which thecysts were foundat autopsy hmiCed 
to the brain Noconstvnt chan es have been found m tbe cerebro spinal Qu d Some 
times the ep I pt c seiz res cease without apparent cause In other cases they have 
persisted for 8 years or more 

Prophylaxis — Since consumption of raw pork may expose the indi 
vidual to infection with the pork Upc worm as well as to trichinosis 
insufficiently cooked pork should be carefully avoided Public instruction 
should be given especially m the schools of the danger of faecal con 
tamination which makes it possible for man to acquire cysticercosis either 
from himself or front others mfected with the adult worms Sanitary 
laws should be enforced regarding the disposal of human excreta in endemic 
foci and rigid inspection of pork m all slaughter houses carried out and 
condemnation and destruction of measlv pork 

With reference to the destruction of cyslicerci m pork the parasite 
IS killed when heated to 55 C but the difficulty of heating the center 
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of a Jarge piece of meal e\eii to this point is shonn bj fhe /act tht in an 
etperimenl made to test the penetration ol heat a ham coohed b> boiling 
for 2 hours had reached a temperature of only 46*0 in the center It is 
advised that w hen there is an> question of infection the po k to be roasted 
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tion of segments into the stomach Manson Bahr (1940) believes it is 
much more probable that the infectmg eggs are convejed from some 
eTtraneous source and it is possible that the infection is acquired in some 



way from pigs by eating sausages made from the mtestines or through 
some contamination by pigs excreta (For treatment see p 1472 ) 

Hymenolepis Nana (Siebold 1852) (Taeiua Nana) — The family 
HvMENOLEPtDiD^E cootaiHs a large number of species of tapeworms 
parasitic in birds and mammals Threespecies have been foundin man 
nymenoUpts nana which is very common in both man and rats and 
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mice H dimmula is abundant m rata and mice and fairly common In 
man and II lanccolata {Drepantdotaenta lanceolala) a parasite of dOoS 
and geese which has been reported in man onlj once and the infection 
ma> have been accidental 

S liana the divarf tapeworm, is the smallest of the human tape 
worms and the commonest m the United States It has a worldwide 
distribution but is of course, commoner in some localities than others 
and ispartjcularl> encountered in narfli countiies 

Stiles found it in j per cent of the children of a \\ ashiogton (US) orphanage and 
it IS estimated that about i-a percentof thepopubtion especially children aremfK'r'l 
m the southern United States Sunkea and Sellers (1937) 10 a study of data from faecal 
examinations in the southern slates obtained records of 80S, tape worm inlections 
9S 6 per cent were U naiia It is also common in Brazil and Argentina Egypt the 
Sudan Siam and Japan Apparently it u less common in parts of China ^^aog 
(193S) in Teipinp found it m 033 per cent Chandler (1940) found m some parts of 
India as high as 18 aS per cent of the population infected It is found throu hout 
Europe but is particularly common in southern Europe In Portugal Spain and Sialy 
according to Caladruccio 10 per cent of the children are affected Its distribution is 
gentiaUv more common in warm than in cold chmales It w ptobaWy identical »ith 
the common rat tape worm which as been named II nana fralerna 

The adult worm is usually from to to 40 mm long (extremes 5-I60 mm) and 05 to 
0 9 mm wide The parasite is so small and delicate that it resembles a strand of mucus 
in the faeces and therefore is frequeody not found after creaCment eyen uhendih estly 
sought for It contains from too to roo segments from o I too IS mm long llbai 
lateral gemtal pores all of w hich are on the same side The head (0 3 mm ) has 4 sue 
Lers and a retractile rostellum encucled by a single row of S4 to 30 booklets The e'gs 
are liberated by disintegration of the terminal segments They have a very character 
JstJC appearance They are spbencal or oval about 30 by asm >0 diameter eolorlesi 
and translucent There is a thin outer membrane and an inner m mbrane leaving a 
sone about 7,* wide between them The latter encloses the lemon shaped embryophore 
At each pole of the inner membrane there is a slight protuberance from which arise 
several long laments which be m the tone between the membranes and partly 
enarcle the embryo The latter conUms 6 conspicuous booklets 

The adults live in the upper ileum and am often numerous tooo to 
1500 or more Thej may then give rise to gastrointestinal and nervous 
disturbances 

Life ffislcry —Unlike other members of this group the parasite requires no loter 
mediate host as was demonstrated by Grassi and Rovelli (1887 In rats and 

probably in man the fully embryonated eggs after ingestion pass through the stomacn 
into the intestine and then liberate the embryos (onchospheres) which penetrate into 
the viUi and undergo encystment forming a cysticercoid After 4 days developmen 
a rosleUuiawith hoohJelj appears Tbe larva then leaves the vjUus re enters tbe lumen 
of the intestine and attaches itself ebewbere to the mucosa It develops to coatunty 
in about 15-20 days so that after about a manth eggs appear in the faeces It is 
therefore easy for the host to become supennfected if faeces are conveyed to the moutn 
by dirty fingers 

Epidemiology and Prevention — T\ith this parasite as U utilizes no intermeaiai 
host infection apparently is transferred commonly from patient to patient Some 
ob tveis believe that nun w piobaUy the only common source of human infection 
However there has been mu hdisputeastotheidentity or otherwise of 7/ nanuclmin 
and of B nanafraterna of mice and rats M hilekuman infection has been relatively rare 
in some northern localities m Europe and Canada where the rodent infection wascommon 
in warmer countries where rodent udecttoas art atiB comnioaef human la/ections are 
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fatquent lUo Gtasu ba» $Mgg«s\td tint tie buiaaQ end ttunoe stiMas itt id«nt«»l 
Several investigators have infected children with ova from munne sources and ttood 
land has infected mice isith ova from htmian sources Shaw (1951) reported that i 
murme strains were physiologically as diflemt from one another as they n ere from the 
human strains 

Chandler m India has found an inverse correlation between the incidence olB nana 
infection and that of such infections as Asians and Trtchuris which definitely depend 
on human faecal contamination for transmission On the other band he found a high 
inadence of 77 nana infection to be directly correlated with the prevalence of house 
hold rodents and conditions favoring iheir access to food and with such rodent borne 
infections as plague and with Bynenelepis tltmiHUla He points out that in the south 
ein United States 7/ Rsna infections are about equally common in cities with sewage 
systems and in rural areas and that this is more suggestive of dissemination by rats and 
mice than by human contaounation The frequency of heavy infections is a further 
argument in favor of the imyoilant lole of rodents m transmission for while the acci 
dental swall wing of a small p rtion of mouse e crement with food could easily convey 
one or more whole segments of the worm with hundreds of eggs such a wholesale con 
tamination from human faeces would be improbable The question is an important 
one from the standpoint of prevention Chandler believes that human infection is 
commonly acquired from ova derived from rodents and that hence infection can be 
avoided by preventing access by rodents to human food which is to be eaten without 
further cooking However as it seems probable that infection in man may also be due 
aomettvea to ova derived from another infected human being sanitary measures in the 
disposal of eacreta ate also necessary to prevent spread of infection 

Symptomatology —The parasite in severe infections may give nsc to 
systemic toxaemia with nervous manifestations especiallv in children 
They may suffer from abdominal pain diarrhoea convulsions epileptic 
attacks and insomnia 

The diagnosis is usually easily made by finding the o\a m the faeces 
Like nematode ova they doat m strong salt solution 
Treatment is considered on p 1473 

Hymenolepis dinunuta (Rudolphi 1819) (Syn Taenia dminula) the 
flavo punctate tapeworm of rats (R deenmanus Rotliis ahrandrinus) 
has been found in more than too human cases Recently U has been 
reported more frequently especially in India Soviet Russia the Belgian 
Congo Japan Italy South America West Indies and m the southern 
United States Chandler found ay cases in about 10 000 faecal examina 
tions in India and no less than j in 50 examinations in one locality where 
the food habits were particularly favorable for infection 

It IS much I rg r than 77 nai measuring »> to 60 cm long and about 4 mm wide 
containing about 1000 segmeQts Tbenuturesegmenls are bro der than they are long 
The head came mall suckersand a roslellum without booklets The ova resemble the 
preceding but a e larger 50 to Son have a thicker r dially striated outer membrane 
andnofil me ts The inlermed ate host arevario 1 spenes of insects and mjriapods 
1 clud g meal and gram insects and the rat Bea Infection occurs by swallow 
g an iniected mt rmedi lebost The infected insects ha e been found in dned fruits 
breakfast ce eals etc such i sects having become i fected t om mouse dropp ngs 
DtepamdoUtnia lanwotata CBloth 718) tSjn 77 JuRfraJala) common in geese and 
d cks b been reported once m man in Germany It is f om a to 11 cm long and 
6 to j mm w de It has a small gtobular head with a rostellum beanng 8 books 
and a sh rt neck 

DipyUdium camnum (L noieus 1758) {Syn Taen a can.«o) thecommon tape worm 
of eats and dogs and other carmvora has been {ound occasionally la man thitfiy In 
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children Ins 15 to 30 cm long and 3 mm in maximum breadth The segments are 
shaped like melon seeds 8 to 10 mm long and has e bilateral genital pores The head 
has four suckers and a rQstel1umnith3 or 4 tovia of encircling booklets The eggs are 
similar to those of nana hut are grouped in packets of 5 to 39 in the faeces Eggsor 
proglotUds deposited on the ground may be ingested by the larval stage of fleas lafec 
tion 1$ acquired by siralloiving infected dog fleas Cleii««///a/nf<s and Pulei or lice 
Trichodecles <ants which constitute the intermediate hosts Children may sometime! 
become infected m playing with dogs by crushing fleas on their bands and conveying the 
ova on their fingers to their mouths 

Raillietma madagascanensis (Davaine 1S69) (Djvaiiita madigascarKnsu) nor 
mally a parasiteof birds has been reported an 4 few human cases pladagasrar Siam 
Bntish Guiana Formosa Philippines) U is 34-39 mm in length by only 1 5 mm 
wide The genital pores are unilateral The bead has 4 deeply excavated suckers aod 
a rostcllum with 90 hammer shaped booklets in 2 rows The elongated ova so^4;> 
by 19-1311 are deposited several in a packet Containing a spherical onchospheie S-iSm 
in diameter Thecockroaeh genus Pm ^ancfti is thought to be the intermediate lost 
The complete life cycle is unknown A closely related species R quinlinsii Leon 
1935 has recently been reported from Quito Ecuador 

Although for many years almost all of the human infections have been supposed 
to be due to the species R nadagascantHsts according to Joyeux and Baer (iQdO 
and Dollfus (193^40) many species are involved but these minor distinctions sre of 
interest onJ> to the eooJogisf The human cases undoubtedly represent acodentiJ 
infections while the infecUon occurs naturally m local wild animals However in only 
t localities Formosa and the Pbhppines have the parasites been found elsewhere than 
in man m both these instances in rats 

Treatment of Tape worm Infections 

The drugs which hate been found most useful in expelling tape worms 
include 

(1) A group of vegetable extracts from fehx mas or male fern cusso and kaltnal* 
alt of which are derivatives of a substance known as pbloroglucm 

(1) PellctieriRe an alkaloid denied from pomegranate bark 

(3) Arecoline and allied alkaloids from areca nuts 

(4) Melon seeds obtained from Cunubila marime 

(5) Carbon letrachloncfe (CCI<) 

Most observers believe that felix mas or male tern is the most satisfactory drug to 
employ 

For efiicient treatment preliminary starvation for one or 2 da>s is 
advisable and unless this is earned out for at least 24 hours the treat 
ment maj prove unsuccessful On each of these da>s a purge should he 
given consisting of sodium sulphate oz to clear out the intestines 
This purge had best be given during the late afternoon It is advisable 
that only liquids or broths should be given during these 2 da^s Tea and 
coffee may be taken in limited quantities without sugar or cream This 
preparation of the patient is required m order to facilitate the fihx mas 
coming in contact with the bead of the parasite If this does not occur 
the uninjured head ma^ remain buned in the mucosa and protected by 
mucus and if this occurs new segments will regenerate in a few weeks 

On the third morning of treatment oleoresm of aspidium {Dryopttrts 
Mix mas) should be administered in gelatin capsules for adults each con 
taming o 6-r 2 cc (10-20 minims) for children — i minim per jear of 
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age one dose being given for example at 8 a m a second at 8 30 a m 
and the third at 9 a m 

The patient should then lie perfectly quiet u bed and take nothing other than a few 
sipsofweakteaocwater \t1a30asn ^oz ofsodiumsulphateshouldbegivenand 
the bowels should be freely moved by the salts All the movements passed during 
48 hours after treatment must be saved and strained and a search made for the bead 
bcgments of the parasite usually appear after the dose of the salts but tbe head may 
not be passed until later or indeed until several days after the cessation of treatment 
Therefore failure to find the head at first does not necessarily indicate that tbe entire 
parasite has not been eipelled If the head is not found after a few movements a h gh 
soap and water enema should be given which may bring away the head Even if the 
bead IS not found no repet tion of the treatment sb uid be given until segments of tbe 
parasite again appear in the faeces 

Food may be commenced after the bowels have moved thoroughly following treat 

Tbe success of the treatment may be dependent in part upon the potency and fresh 
ness of the drug The eitract of aspidium tnay be prescribed as it is more refined than 
olearesin but it is generally regarded as less potent As it has a disagreeable taste and 
IS apt to cause vomiting it also is best prescribed in gelatin capsules — 2 capsules of 
IS mimms each in 3 doses Since a number of cases ha e occurred of poisoning from 
the use of aspidium some observers prefer to give smaller doses of to minims for an 
adult and not to exceed 1 tninim per year of age for children Aspidium is especially 
contraindicated m nepbntis and pregnancy A standard preparation extensively 
employed has been tbe combination «f 8 grams (a drams) of ethereal extract of male 
fern andoS grams (is gr ns) of calomel This was divided into 6 (kerstin coated) 
capsules and a capsules given every 10 minutes One hour after taking tbe last capsule 
a purgative dose of magnesium aulphaie or sodium sulphate was administered Castor 
oil should be avoid d as it may increase tbe nsk of poisoning 

TozKmamfeststo softhedrugareduxiness c amps and cyanosis Opticneunlii 
with blindness has been repotted from too large a dose and Stitt notes that the tnazi 
mum dose of the e trset is about 8 grams and that 14 grams has caused death On 
account of tbe toaeity of the drug at times observed some chniaans prefer to treat 
children with pumpkin seed Tbe seeds of C cufhlt mo ime have been particularly 
recommended They should not be loore than a mestb old and should be deprived of 
their seed coatings The do e of tbe fresh seeds is given at from 3 --93 gm (1-3 oz ) 
Tbe crushed seeds may be mixed with honey mils or with stewed fruits and should be 
given on an empty stomach in the ntoming Smaller doses should be given for young 
children An hour later either a dose of castor oil or a saline purge should be admims 
tered Although the parasite is usually not killed by such treatment it is frequently 
removed by it 

Pelletierme has been shown to be cffcttive m the treatment of tape 
worm m only about a third of the cases It may cause giddiness and 
weakness of the limbs and large doses may affect the eyesight even to the 
extent of temporary blindness This drug is therefore not recommended 
and It IS especially unsuited for the treatment of children 

For patients who prove refractive to treatment with aspidium carbon 
tetrachloride may be employed but m doses not in excess of 3 cc for 
adults Since however this drag may have an injurious effect on the 
liver and may be dangerous or even fatal m individuals deficient in 
calcium il should be prescribed with caution It is contraindicated in 
patients suffering with nephritis or fever and in pregnancy It may also 
be dangerous when ascans infections are present since it has an irritating 
but not destructive effect on these parasites and may cause them to form 
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a tangled mass which blocks the intestine MacLie (1941) thinks the 
patient should be placed on a high carbohydrate low fat and low meat 
diet for at least 2 or j day’s pnor to treBtment alcohol must be withheld 
during the period prior to treatment Food should be completely with 
held for 4 or 5 hours after the drug is administered and until catharsis 
has been obtained by a dose of magnesium sulphate (see also p i47?-3) 
Tetrachlorcthjlene which is considerably less toxic has been found b> 
Maplestone and Mukerji to be ineffective for the treatment of tape worm 
The other drugs which have been mentioned as pelletienne arecohne 
and melon seeds are generally rcgardedasmuch less effective for the treat 
ment of tape worm 

Manson Bahr (1940) believes that carbon tetrachloride which anesthe 
tires the tape worm is especially useful when combined with oil of cheno 
podium He recommends that it be conibined in the following mixture 

Carbon Utrachlor 5> ( 5 5 

01 cbenopod HIv ( o Sice) 

ParaS Un Ji (t8 4 >cc) 

This should be given in 2 doses, as in ancylostomiasis Adults should 
receive the full dose children under 6 yrs 2dr upioByrs jdr.upto 
i4>rs 4 dr The mixture should be made up fresh daily Half an hour 
afterward the patient should be given a saline aperient Hymenokpu 
tiana frequently is a most difhcult tapeworm to dislodge The success 
of treatment should be determined by a search for the eggs after a few 
days since this parasite is so small and so like a strand of mucus that it 
ts frequently not detected m the faeces even though it may have been 
expelled 

Maplestone and hlukerji (1939) have reported success with gentian 
violet 

They treated 12 cases with an adult dose of 1 gram 3 times a day for 
varying periods In some cases the eggs disappeared after 6 days In 
a number of cases the drug had to be stopped on account of vomiting and 
in other cases after 3 courses of treatment the ova were still present a 
month after the last (see also p 1234 ) 

Treatment of Cysticercosis — ^Treatment is usually most unsatisfactory 
Intravenous injections of antimony tartrate have been suggested but the 
tissue changes which usually follow the death of intracerebral cysticercae 
may only give rise to further disturbances and increase the severity of 
the symptoms In a few instances m which temporary amelioration of the 
symptoms was reported after removal of one or more cerebral cysts death 
of the patient followed later It would appear that any attempt tolocaJize 
and remove surgically cerebral cysts would be unjustifiable Luminal 
and bromides hav e been recommended for controlling and preventing the 
fits 

Ecmvococcus Disease (Hydatid Disease) 

Echinococcus granulosus (Batsch 1786) (Tcenta echinococcus) {multi 
loculans Leuefcart iS6i) is a parasite of the dog wolf and other caini 
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\ores the normal definitive hosts The cat can be infected The usual 
intermediate hosts are cattle sheep and hogs but man and many other 
mammals ma> also be infected The disease occurs wherever man lives 
m such close association with dogs that the hands or food and drmking 
water maj become contaminated with their faeces 

GeographictlDistnhution — It is common in Iceland especially in earlier jears and 
in parts ol central Europe Noilh and Sonth Af ica South America south of Brazil 
especially Argentina and Uruguay and Australia and New Zeal nd It also occurs 
freque tly in Arabia Siberia Turkestan North Chioa Japan and the Phihppines 
Rose and Culbertson ( 94 ) state that at present the world mcid nee of hjdatid disease 
13 highest in Australia New Zealand Uruguay and Argentina It 1$ rare in man in 
the United States hut is not uncommon in s me in some parts of this country How 
ever the i cidence of hydatid d sease m the Un ted SI tes has never been accu ately 
determined lIcGath 1937 reported that less than 50° cases of the disease were 
reported in medical 1 terature ol North America between 1880 and 936 The patients 
luffenng from Echinococcus disease m thu country were almost invariably (95 per cent) 
f und to be immigrants from areas abroad where the di ease » endemic The majority 
of the pat ents in this country have been uali es of Italy Greece Germany Russia 
Feland or Turkey I this senes of cases 3 persons acquired the infection locally in 
Ca ada and 19 m the Un (ed States Sawita 1938 has reported 8 additional cases 
occurring in Louisiana The e e no important endemic ton of the disease in the 
United States and only about s$ human cases (native born) m which the infestation is 
bel eved to have been eo traded in this country Schwarts ({939) also finds that 
there is a 1 inudenee of byd tid infection in sheep cattle and hogs on this continent 
In view of these f ets and also since dogs rarely have access to the viscera of slaughtered 
animals in this country u seems unlikely that hydatid disease will ever increase signifi 
cantly in nati e born Americans 

Tit Piraitit—Tht dull worm bve in the email inlesune ol the dog and other 
definitive hosts where they are all ched to the viQi Though structurally much hke 
other tape worms the parasite ts very unlike in size neasuring only 3 or at most 
8 mm in length and consisting of a scolex and neck followed by only 3 or 4 successively 
1 fger segments the first of which is immature one or 2 mature and usually one npe 
This segme t the terminal one » u ually larger than all the rest of the worm and is 
generally packed with ova The head has 4 suckers and a rostellum encircled by a 
double ro { booklets usually 30*36 Very large numbers of the worm occur in 
the i testmes of dogs Hundreds of even thousands ha e been reported They are 
frequently overlooked o account of their nunute size Nevertheless they require 
from 4 to 6 weeks to mature in the dog Each npe segment of the parasite contains 
from joo to 800 ova 

The ova in the faeces of the dog closely resemble those of T sag ala or Mulliceps 
nd cannot be accurately different sted from them They measure about 30*38ti 
They are exp lied free or in the npe progjotudes m the faeces of the dog often in pas 
tures and they gain access to sheep or cattle then usual host through contami ated 
fodderorwate ^fany other animals become infected including monkeys ruminants 
carni 0 e rabbits horses a d camels In Afnca the wnter found the wart hog 
which were shot naturally infected with hydatid Human infection usu By results 
from ingest ng CO taminated water or food orf m too inlimale associ tionwithdogs 
Children ace liable to infection by aDowing dogs to Lck their faces 

Pathogenesis — Man is parasitized only by the larval or hj datid stage 
of the parasite In the digestive tract the ingested eggs lose their mem 
branes The liberated embryo penetrates the intestinal wall and within 
8 hours passes as a rule to the liter (60 per cent) probably through the 
portal vem In some cases it is earned to other organs especially the 
lungs less frequently to the kidneys spleen intesUnal wall pentoneum 




Pio 357 — Ech;nococ<:us c>»t» a dificrenc stages of development and graoda 
cvsf n wh ch nverted suckers and IwoHets are ^wlbl (Harv d Afcvan Repo t ' 

proliferation and rnvaginafion of fSe »aS of tbc brood capsules numerous ue^tcis art 
produced Each scolexjs about o 175 miB lodjameler wWneonapcdi le and shows 
suckers and two rows of booklets Some 0/ ffce brood capsules separate from * 

and settle to the bottom of the cyst as a fine granular seAment known as h/datio 
sand liberated scohies also may be present 

As the cyst ( hydatid } fraduaUf eoJarges (reaching a diameter of about lO cm 

after to months) imaginations of the nail may give nse to stcondary or daughter 

cysts (possessing a laminated exteroJUyerasndl as a germinal layer) but such ty* 
usually arise by development from bn^ capsules or scolices Ftom them grand 
daughter cysts insy arise la a similar nastier la each there js a coatinoous formation 
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of brood capsules and of sCoUces m each capsule Growth may continue for several 
jeacs(:to8) and the cyst may becom aslargeasachild s head (although usually they 
are much smaller) It has b en est m ted that as many it 2000000 scolices may thus 
arise from a SI gle ovum Occason By a cjsl is barren contain no scolices When 
the contents of a cyst are eaten by a dog each soolex may develop into an adult worm 
In some cases in which no effective encapsulation occurs the daughter cysts develop 
as a result of evaginitions of the cy t wall Hus results m the formation of a mass of 
small discrete vesicles Lke a bunch ol mmute grapes which tend to infiltrate the sur 
rounding tissues and even to metastasiae to other organs like a malignant tumor 
( Gallertkrebsen ) They occur most often in the liver especially m cattle Because 
these m II toe la or a! talar kyd I di are common m man in certa n d stnets (southern 



Fig 358 — Ech nococcus cy t wall with a ruptu d b o d c p ul show ng scol ces 
(Fr<«i U S N T I Medi al B llet n ) 


Germany R ssia) but are almost unknown in others (Iceland Australia) some have 
regarded the paras te as » distinct speaes E mult loeala «r the present evidence is 
against the idea that this is a dist net species 

Clinical Symptoms. — The cysts eventually cause grave injury as a result of pressure 
a d destruction of the organs involved In the liver the early stages are usually symp 
tomless or a tumor may be felt Large cysts on the convex surface may be mistaken 
for a pleura! effusion If the contents become infected the symptoms are those of 
abscess Rupture may occur spent ronsly either into the pentoneal cavity pleura 
or lung less often into the gastrointestinal tact or into the tissues andusu Ily causes a 
violent react on which may be fatal An eima emaciation and weakness develop and 
death usually occurs within a few years unless complete surgical removal is possible 
Involvement of the lung may occur in as much as iz per cent of the cases in some 
series and is even more serious The cysU ate most often m the right lower lobe 
The early symptoms are cough shght baenu^tyses and transient fever Localued 
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riles may suggest early tuberculous Later the symptoms and signs may be those o! 
tumor or abscess Rupture may occur into a bronchus the pleural cavity or both. II 
such an accident is not quietly fatal recovery may occur spontaneously or after suitable 
surgical drainage The sharp outline o{ the in roentgenograms is characteristic 
Eosinophilia is often present IlookleU may usually be found in the sputum after 
rupture into a bronchus it search is prolonged 

Diagnosis — Clinical diagnosis ts often difEcuIt Since the liver and 
lungs are especially involved and the other organs much more ratelj 
infected differential diagnosis is usually a problem of the consideration 
of abdominal and pulmonary disorders 

The symptomatology is in no uay characteristic and the disease may at Umes 
simulate hepatic cirrhosis cholecystitis abscessesof the liver andlungs early tuberculo 
SIS and various new gronlhs arising id the chest or abdomeii Degenerative cysts not 
infrequently und rgo cakidcation in which case they may frequently be detected by 
\ ray cxaminabon and present a typical appearance Rupture of the cysts occurs not 
infrequently and may be followed by severe or even fatal aaaphylictic reactions 
Ruptured cyst of the liver as well as of the lungs may discharg through the bronchi 
and diagnosis can be made by the hnding of chatadensuc hooklets in the sputum. An 
eosinophili* is found in only about so-ag per cent of ecbmococcu infections 

However a definite diagnosis may be made 

i By exarrunatioa of fluid from a cyst ohumed at operation (or autopsy! Esplet 
atory aspiration is dangerous If leakage of fluid occurs or if a cyst ruptures a violent 
leaetioQ anaphy lactoid in type may follow and an eosinopbiha (confined to the regioa 
of the C) at) may occur If scoUces are scattered they tend to become implanted and 
give use to new cysts The cyst fluid is clear and according to some analyses contains 
about 0 j per cent of NaCl atraceofsugar andnoalbumm VccordingtoLemaiteand 
Ribere (i9is) it may have a specific gravity of s or plus a of fi 7 and contain 
ammoniacat salts cteatinin inosite lecithin and both proteolytic and glycolytic 
eatymet The clinical iymptomi which have formed the basis for tupposisga toim 
to be present in the cyst fluid are perhaps rather manilestations of an anaphylactic 
reaction Diagnosis of material Irom a cyst depends upon finding free scobces or 
scattered booklets ftooi disintegrated scotices These are *5 to 40(i Jong and * 
characteristic shaj e The appearaace of a fragment of the curled laminated cyst trail 
IS abo decisive 

a By the Jirrc«/i/i» <<il of Welch and Chapman Equal parts of patient s serum 

and clear hvdatid cyst fluid ate muted and incubated one hour at 37 C A positive 
reaction (a precipitate) is obtained frequently U the antigen is good but fal e positive 
reactions occur 

3 By the cpnfitntnf fixaUen (at of Weinberg and Parvu Tlie usual Wassermen 
technique is followed using as antigen o 4 «c (or H to >1 the anticomplementary dose) 
of evst fluid The fluid may be obtained Irom sheep cysts and is filtered carhou* d 
and inactivated before use The results appear to be reliable but there is dilficutty 10 
preserving the antigen Fairley and Kellaway (1933) who have had extensive 

ence in Austtaha with both these tests and the Casoni test to be described presently 
obtained positive reactions in about 85 per cent of the cases However they tbousof 
the Casoni cutaneovia test » vomtwhat most sensitive than the complement fiiation one 

4 By culanteus alltri e tests (First described by Casoni igu) About 0 J ec 01 
hydatid evst fluid is injected intiadennally or applied to a scratch A positive reaction 
consisting in the rapid appearance (usually in io minutes) of a large wheal with a Mne 
of erythema has been reported la about 90 per cent of the Cases There may h* • 
marked secondary late reaction al 0 Sensitiveness may la I long after removal of the 

^ Dennis (1537) has prepared a more stable hydatid antigen from cysts of infected 
cattle and sheep by centrifugation and evaporation Dry precipiUte was obtained 
and diluted i 10 000 in physiological salt solutioB and o j cc of the antigen eropioyeu 
for an intradermal dose 
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Rose and Culbertson (1940) have pointed out that neither cutaneous testing nor 
complement fitation have been employed m many countries as in the United States 
on account of the scarcity of hydatid fluid Also the different samples may show wide 
variations in antigenic patency and the speamens deter orate more or less rapidly 
The observations of several mvestigatois have suggested that the Casoni and the 
complement fixation tests are not species specific but actually group specific and the 
reaction has been obtamed with antigens prep red f om other cestodes than hydatid 
(Morenas 93J Outeirino 193s and Chung and Tung 1939) Chung found the reac 
tion also positive m 4 of 9 cases of kata atar 

Rose and Culbertson have prepared antigens from (i) Cysltcerciis pisi/orms a 
larval stage of the dog tape worm Tatnio pitifarmis — (S>n T rerra/a) which occurs 
naturally in the liver of rabbits and m from 50-60 per cent of stock laboratory rabbits 
and (3) from Tacn a <a< laef m s the adult tape worm found m the intestine of cats 
and very common in this ammal hence antigens from both ate easily obta cable 

The antigen from Tatnta p<rt/ra>u is prepared by dissecting out the larvae from the 
cysts They are then triturated under stenle conditions in physiologic salt solution 
contai ng o 5 per cent phenol The supernatent fluid is used after centrifugation and 
final stenh ation In the case of Tatitia laeniae/a mis the antigen 11 made from the 
adult parasite found in the intestine of the cat prepared la a somewhat similar manner 
They have performed cutaneous tests in 14 patients suffering from Echinococcus 
disease Positive cutaneous reactions were obtained in 1 s out of the 14 eases They 
also obtained a complement fi auon test with serums of 7 patients with known hydatid 
disease with these substitute antigens 

Treatment— AU treatment other than surgical has proved to be unsuccessful 
Surgical procedures ate of benefit only 10 the case of un locular cysts m sites wh eh are 
opersble If removal is stcempted the cyst should be excised intact or else the wall 
should be stitched to the abdomi at wall and allowed to besl by g anulatioo (mar 
supialuation) It is advisable to inject some ant septic fluid into the cyst to kill the 
sMUees beCota undettaki g any manipulaUons which might esuli in acadentally teat 
tenng the contents of the cyst 

The dangers of withdrawing fluid duectly have alie dy b en referred to and it has 
been suggested that it is desirable alter asp ration of a portion of the contents to imtnedi 
ately inject ^ g ec of a 10 per ceni formabn solution to lull the scohees brood cap 
sules etc and then withdraw the fluid in $ minutes before proceding to the removal 
of the cysts Some surgeons prefer to close the cavity without open drainage as the 
proceduieknownas marsup ilizalion reituireslongerhospitalixation 

Preventioii — Since human infection may result from fondling infected 
dogs or perhaps from ingesting ova of the parasite from the ground on 
which dogs have defecated or on vegetation contaminated with their 
faeces thorough washing of the hands before eating ts advisable Dogs 
should be prevented from eating the carcasses of sheep cattle and hogs 
in the endemic areas The disease has been greatly reduced in Iceland 
in recent years as the result of a campaign enforcing the burning or 
burial of infected material and of the law controlling dogs b> taxation 
and treatment Lack of personal hygiene among sheep breeders in 
Argentina has apparently been re^nsible for a considerable increase in 
human infection in recent years According to Greenway the disease 
quadrupled in that country between spot and 1921 

Fisn Tape noui Infection 

Diphyllobothnum latum (Unnacus 1758) (Syn Dibothriocephahis 
lalus) the broad Russian tape worm or fish tape worm is common in 
Scandinavia the Baltic countnes Russia Northern Italy Switzerland 
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Bavana Rumania Paleatme Sibena CenualAam, Japan, Central Ata 

espec.an> among the natives around Lale Ngami 
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may not suffer from the anaemia m the absence of the Diphyllobolkrtum 
infection The fact that alcohobc extracts of the parasite may precipitate 
pernicious anaemia in individuals who have previously had tapeworm 
anaemia suggests that some constituent of the worm may inhibit or destroy 
the early pcinvcious anaemia factoc produced b> the stomach. How 
ever m some instances the tape worm anaimia has responded to 
liver therapy even without removal of the worm as sometimes seen in 
ancylostomiasi 

Taenia Anaemia (DiphyllohoUinum) — Thete has been much discussion about the 
role that th s parasite plays in the production of severe anaemia Sebauman who 
studied the question for many years (1894-19 $ in Finland) maintained that the para 
site causes an anaemia not di tin^ shaUe from pe niuous anaemia and that the 
reason that anaernia was not more frequent in cases of infestation was because the 
maiQiity of indi iduals were refractory toward the agent of the tapeworm which causes 
anaemia 

The worh of Birkeland who collected the bteratuie and wrote a monograph on the 
subject m 193a (published 1937) is much quoted in the textbooks in recent years A 
study of his monograph shows that more than ys cases of infections m Ameneaos and 
Canadians or tt, per cent sho ed anaemia 

Slydenhelm thought he could demonstrate m the groundup body of the fish tape 
woim a substance which had a haemolytic action both in vitro and in vivo 

In recent work upon the subject Plots m New hork observed one save e ease of 
anaemia in 5 cases of infestation Cushing and Bacal in Montreal bad 6 severe cases 
of anaemia among 40 of the tape worm Magatb at the Mayo Clinic found no comei 
denee of pernicious anaemia with Diphylltioilirt tm infection However there had been 
only li cases of Diphyltobelhnum inftttioa at the Clinic 

Wardle Gofschall and Horder (1937) have made a careful study of the 
infection in dogs A series of normal dogs were first carefully studied and 
then fed plerocercoids in fish muscle The dogs were allowed to remain 
infected from 4 to 13 weeks A decline in the red blood corpuscles was 
not evident until about the sixth week of infection By the thirteenth 
week the red blood corpuscles had fallen to an average of 3 390 000 The 
haemoglobin fell in proportion 

Mueller (3938) in a study of infection with Dif/iyffobofhrtMm man 
sonoides in cats gives evidence of severe anaemia developing in the 
animals as a result of the infection 

Totterman (1939) gave to 9 patients with a history of anaemia from 
DiphylloboUirmm infection daily by mouth for a to 4 weeks 0 3 gram of 
dried worm or the corresponding dose of an alcoholic extract In 5 of 
thern the number of red cells fell sharply to as little as a million but the 
haemoglobin did not fall or did so but slightly Accordingly there svas 
a rise of the color index but immediately on ceasing the administration of 
tape worm substance the blood condition began to improve returning to 
normal in a few weeks 

When one of those reacting positively became infected vith the tape worm tlere 
f Uowed a detenor t n simitar to that ebser ed » the experiments There was no 
great alterat on m » Kite cellv Th* residue of the pow er after extraction with alcohol 
had no eHect on the blood 0( the other 4 p lieots a reacted to the worm extract 
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slightly and 2 not at all There was no reactioB to the ivoctn ptepacatioa in j pt’V'as 
with a tvormal Wood picture and in 3 wifli cryptogenetic pernicious anaeoiis Perhaps 
the sharp fall in the numbef of red cells indicted a inechaBisai of hypersensitiiity 
In cases of infection in which the anaemia was of the perniaous type it improved 
rapidl> on denorming As to whether the infection causes anaemia the number of 
cases were too few from w hich to draw safe conclusions 

bieveis using the complement fixation reaction has found that antibodies are 
provoked in the serum 0! patients who bad previously suffered from tape worm ansemia 
on the administration per os of either alcoholic extract of D latum or of dned powdered 
worm Controls however werenegalive Wornj antibodies obviously ensued in the 
human organisru on immunuatiou per os and patients who bad suffered previously 
from Dethnaetpkalus anaemia reacted more readily 

Treatment — For the treatment of the norm, most authors have 
regarded oleoresm of Asptdtum (male fern) (Dryoplerts filtx mas) as the 
most S 3 tisfactor> drug (contraindicated in nephritis and pregnancy) 
(See p 147s for details of treatment ) 

Sandgfound (1938) has called attention to the fact that there has 
been an appreciable number of fatalities following the administration of 
male fern and that the use of the drug certainly calls for caution In th' 
study of 38 cases of tape worm infection s of which w'ere doe to Di/Ail 
Mel^rtunt hlutn he found that carbon tetrachloride was very efScient 
for treatment In t of 16 cases treated with this drug the usual dose 
being 4 cc the parasite was effettnclj eliminated In 3 the results 
could not be MIoned up, and in r, the patient was unable to retain the 
drug He thinlvS carbon tetrachloride is the most effective remedy for 
the treatment 0/ tape worm infestations in man However this drugalso 
sometimes causes death and must be employed with caution The dose 
for adults should not be over 2-3 cc It 15 especially contraindicated 
in cases with ulceration of thesmal) bowel nephritis pregnancy andcases 
where there is fever and evidence of serum calcium deficiency Sand 
ground (1941) has reported 3 cases with coma following its use 

In all cases 0/ Diphjllobothnum infection in which there is anaemia, 
treatment should be given as for pernicious anaemia The anemia usu 
ally responds readily to liver therapy 

Prevention and Control — prev enlion depends on the careful abstinence 
from fish which has not been tboroughlyr cooked The public should be 
instructed regarding the dangers from eating haIf<ooked fish and cooks 
should be warned not to taste raw or half cooked fish m connection with 
flavoring Bergeer advises that in the endemic regions persons should be 
warned to cook fish twice as long as they are accustomed to Childmn 
should not be allowed in kitchens and in fish markets Feeding raw fish 
to dogs and cats should be discoura^d 

Diphyffobothnum mansofli {CobboH iSSx) ( 2 > ennacet Iivaka i93s) ***“f^^^ 
but much Smaller species /ound in the doff cat wolf fox Jeopard and tiger andrf/alw 
canwvoces in Japan China British GuiSDa Austisba and East Africa The parasite 
seldom attains a length of more ilun 60 or at moU 100 cm The ova are nartvwet 
and more ellipsoid than those of P latum The normal intermedute hosts are (il a 
CjcIopS and (r) either a frog or a snake A nuosber of human infections with t e 
plerocercoid stage have been reported 



SpAUCAKOStS 

Spatginum tnansoni (Cotifcold t88») — Tbe pltfocerco dlatval fotm c{ D rnafijon* 
Vnown as Sfsrjajium manstnt his hetn M«>gnaed as a paras te oi man for many 
years It ms first named by Cobbold and first described by Manson ttSSr) vrho 
found >l in performing a post mortem examination on a Chinese in Atnoy Manson 
Bahr 1940 sut s that since that time at least 60 human cases have been reported 
Varaadi and Voshida elucidated lie Me history the vhote cycle being worked out by 
Okurnua m 1919 It was shown that ibe larval forms could develop into Diphylo 
bolhnids and the term SpsigiDum is a group name for such plerocercoids The 
SparjanawhichdevtlopinTnananAolhetUndammsU (amphibians reptiles todents 
etc ) all belong to the Spi em Irs subgeous or group characterued by having separate 
openings for utrus vagina and uterus white in D ferum there is a common opening 
for the citrus and vagina Unlike D iafum they infect cyclopsinsteadof £>ii]pli>mus 
as interm diate hosts 

5>r]rg<inum monreni in form resembles ribbon like strings of fat j-ri inches long 
and may be encapsulated m many diSerent tissue not rarely in the conjunctiva where 
thev mav cause serious d sturbances *1 he largest number of cases have been reported 
from Indo China China and Japan an 1 perhaps tbu species has been encountered la 
the United States Also scattered cases of closely related larvae are know n from almost 
every part 0$ the world 

Human infection might come from gwallowing infected e>cJops la 
contaminated dtinVing fl.attt There » eMdence however that inlet 
lion may be brought about by the Chinese custom of applying split Use 
frogs as a dressing or poultice to sores on the bonds or in the vagina or in 
the eyes the parasite migrating from the frog into the tissues of the 
uound Such Spancnum' infections give rise to a large amount of eve 
diseases in some localities which may he serious Under normal con 
dilions the pleroccrcoid stage is passed m the frog Jiama nt|romocii{Qfa 
or a snake £/ap/ie dmacocttota and the procercoid in the ryclops C 

(eiKf:arfi 

There u much contuMoo xbout the differeotuit] u cf the specin of the Syi omrtra 
group of O fhylohoihtm n >U of which ue pnmxtdv wb n mature p raniei of c» 
□ivota laust Campbell and f cDogg ( 919) dnenbed 6 species in China but more 
reienlly Iwata t 913) conflud d that all the members of the group belong to a single 
species D <r not 1 since be coul) find in the prosloti des of a single worm all of tbe 
types of structure descr bed for the different species However there are biological 
d flerences in some Tbu tbe Ch neseS mjuseiinJtvelops mote rapidly in mi e than 
in frogs and tbe American man 9 aides fads to develop u frogs at all but develops 

The lorrn described as Spars* »" yrofr/er »* (Ijima poj Stilts ipoSyisaplero- 
cero d hr al form of a tape woiin f which ibe adult form is unknonr It has been 
ret orted m 0 human cases in Japan and in a fisherman in Florida In tl e Japanese 
case T shi 0 ( und thousan Is of the larvae 10 the subcutaneous tissues inierjDU«cular 
faiciae tbe mesentery nails of (be latest nes kid eys lungs heart and brain On 
ingest on C these larvae by vetlebtaies they ate d ge*led and destroyed b t trans 
pfekSiViiV. •niT.ve.Vbvv&'ocvftsmwttSVinisoesotpnVwiea'ica ity ol maroma’lspereulslhem 
tob ea Jraultplj n the ( (sues asexuaBy by formi g lateral buds Mueller {1938) 
ftomacat (ul tesiudy ofspec mensof S grf/eeim concludes that they ate abnormal 
degenet te forms without scolices occurring m an unfavorable host (man) and ao far 
they ha e only been found in mao 

A number of other cases of Syarga am infection haie been reported In tbe Uoited 

butes buiChandl r (1940) pomtsont thetawnosnlormauon as to tbea-'ceies to which 
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they belong Hon ever D Jias a wide d;stnbution iq cate la Ibe eutera 

U/JJted Slates and ases wild speaesoiance foedevelapmeat of ibeSfarianum Jfusffct 
and Goldstein luve sho« n that whea the }Oung iS^or^aniim of this species ait expen- 
mentally implanted in human flesh they grow normally A few cases have been 
reported in which tbe-S/orfanumapparently roulUphesin tbebody by end likegrowths 
Thousands of worms usually only j-ia mm in length but sometimes larger may be 
present in acne like nodules in the shin 

Pathogenicity and Symptoms of Sparganosis — The in\ adcd cutaneous 
tissues, when they become distended by the developing Jar\ ae, /requentl) 
become oedematous and painful to the touch WTien opened, the larvae 
may frequent)} be found contracting and elongating but jnotherinstances 
they are degenerated and sometimes enclosed in caseous masses More 
or less local inflammatory reaction is encountered 

Ocular siwrganosis especially described by Casaut and more retentl> 
fay others has been encountered, especially m French Indo China and 
about the Tonquin delta 

Joyrux (rwg) has observed 14 cases of sparganum infection of the e)e Ja Tonkin 
aJf tolhn'iog potilfjces of the tree frag Haaa ItmaatAaru Zither the emptied abdna 
mat cavity or a part ot the thigh or even the whole animal »» used to mike the poultice 
He thinks this method of treatment is employed because the frog n cold blooded and 
hence believed able to quench fiery inAammalion He has observed that the parasite 
may «etlJe in the Lds or it may penetrate the orbital fat or burrow towards the lurfice 
thetsee the temple the reel of the nase cr the rtgianot the cheek The ghhe e! tie 
eye is not penetrated though secondary bactenal infection may cause it 

The presence of the larva of the non proliferating ij-pe in the e)e is 
usually characterired by patn redness and oedema of the cjehds Tuth 
Iscrymstion and sametimes marked ptosis The fartae have bwa found 
under the conjunctiva, and nodules frequently form around the parasite 
m the conjunctival tissues Invasion of the retrobulbar region may give 
rise to lagophthalmos and ulceration of the cornea In the cases in vhich 
the lesions are confined (o the sXin doe to the proliferating larvae ame 
like pustules may develop and the surrounding tissue may become bonej 
combed by the parasites which vvheti they invade the lymph channels 
may produce oedema and elqvbantiasis 

JlfueWer (1938) has Studied the infection expenmentaltym aiunjfs Jfe found that 
when the parasite is swallowed by various hosts it penetrates the waD of the intestine 
teaches rau cle and oantmuea to grow ft Invefs for some distance laterally unarr 
the peiitoneum before piercing it and therefore the intestinal contents do not 
into the peritoneal cavity The adult parasite taken from the cat and transplanteo 
into tissues of {he moose lives and grows for about 3 weeks The rhesus tponiey wu) 
harbor plerocercoids to the number of tko and wifl develop a condition of ge'atmous 
swelling in the lower part of the trunk due to burrowing and disintegration o Sfaigena 
in subcutaneous tissue If however the monkeys have received previously injections 
of tapeworm substance this swelling does not occur since the parasites afe promptly 
eticapsafated 7 n vanous hosts the ifl/eetwa leads to an eoJinophiha 

Treatment.— -Heller reports that he has treated successfully ts cases with 
lesions by intravenous injections of novanenobeoaol jO cgms per dose for aduiis 

7-1S egms for children over 4 or j days for administrations Tarsorrhapbe was 
undertaken to preserve the cornea uatif the worms had been tiHeJ and absorbed or 

diseha^d Comet (1939! adiocalafurgieai measures in the ocular form inprderence 

to the use of Bovsr*enobeaxoL In accessible stes surgical treatment is rapid rot 



1485 


rewobulbar infection however he found it sometimes necessary to inject 2-4 cc 
of 40 per cent ethyl alcohol with novocaue into the lesions to lull the parasite In 
other insUnces attempts were made lo attract the parasite to superficial sites by 
applied beat 

Prophylaxis —For the prevention of the infection tn endemic areas all drinking 
water which may possibly contain cyclops should be boiled or carefully filtered The 
pubLc should be educated with reference to the danger of applying split fresh frogs as 
poultices to inflamed or ulcerated areas of the skin or conjunctiva or other mucous 
membranes 

R4EE Tapeworm Infections in Man 
Berfaella studeri (Blanchard ISftl) — This parasite was first obtained from an 
orangoutang in Borneo and has since been found in other primates in Asia Afnca and 
Cuba InthePhihppines thedoghasbeenfoundinfected A number of human cases 
have been reported in these locahties 

A related species B mucronata (Meyer 189s) has been reported as an intestinal 
parasite of a man living in Cuba who was sn immigrant from the Canary Islands It 
has also been recorded from the African chimpanxee 

Kouri (1940) reported 6 eases of tape worm infection among children in Cuba The 
parasite was referred to the genua RttUitUito *nd named R cubensis Subsequently 
a total of 18 cases were found which seems to substantiate the opinion that the incidence 
of this species in Cuba is much greater than was hitherto suspected After further 
Study the parasite baa been named httrmicafsi/er cvbtnus koun found that the 
paraiites could be expelled easily by anthelmintic treatment but one instance of a boy 
who passed p oglottidee for s peti^ of 6 years suggests that it 1 not a transitory or 
temporary parasite 

Inaddition to this parasite Cram (1918) and Cameron (1919) found a second species 
of this family Anofloceprslidae probably Btrl tlla siwien in this same district in 
Cuba and Roy (193S) has repotted another case in a boy aged 8 m India 

Stunkard (1940) has sho n Chat onbatid mites may serve as intermediate hosts of 
Berfieffa and other anoplocephslioe tape worms 

Africa and Garcia (1935) believe that m the Philippines Beritella is 
acquired from monkeys and Koun thinks that I cubensts is a natural 
parasite of some lower animal possibly the rat Other species of this 
genus occur in rodents in Afnca 

The presence of parasites of the genus BerUella in the intestine appar 
entl> causes no unfavorable symptoms 

Multiceps mufticeps (Leslie 7S0) (Coenuros cerebralis) — This parasite develops 
as a Coe urus in the brain of ruminants and causes gid in sheep Five authenticated 
cases of Cecnurui infection m cun have been lec rded One case of 4fu/f ceps m luceps 
occurred in the brai causing epilepsy The other 4 were found in connective tissue 
or muscle One of these was reported as due to If ilorntrctus {Hull eps tiome ulclus 
Raillet and Henry igij) wh ch bad pre ously been fou d in a gerbille and 3 and 
probably all 3 of the others were due to infectna with if terial s (Gerva s 1845) 
if rmo/fr IS parasitic as an adult in the intestinal tract of the dog wolf and fox Asa 
Ceinurus it develops in the intramuscular connective tissue of various rodents In 
the human btections with this spears Ifae parasite was found in subcutaneous nodules 
or tumors (Brumpt 1934) \U the speaes ( ilultcips resemble T ta[ ntlj 
in their anatomy except in nun r details and have crowns of Urge books similar to 
those of r r { ala Cannon (1943) reports a 6th case th paras tes being in intra 
muscular connective Us ue while (^ppiun (Journal Helminthology 1941) reports the 
second instance in wh ch Corn us <t & sfu was found ii\ the brain 

Taenia taemaeformis (Batseb i 86) is a normal parasite of the 1 testine of threat 
The cat becomes infected from e t ng rats harboring the Cy ttretreus stage A single 
human case has been reported in a child ui Buenos Aires The infection is regarded 
as acadental and probably resulted Irom eating an infected rat 
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they belong However D tnaKsmoidtt has a wide distribution in cats m the eastern 
United States and uses wild species of mice for development of the Sparganum llueller 
and Goldstein have shown that when the young Sparganunt of this speaes are expen 
mentally implanted in human flesh they grow normally A few cases have been 
reported m which the 5 /af|a««ra apparently mnltiplies in the body by end like grow ths 
Thousands of worms usually only 3-12 mm m length but sometimes larger maybe 
present in acne hke nodules in the sLui 

Pathogenicity and Symptoms of Sparganosis — The jn\ aded cutaneous 
tissues, when thej become distended by the developing larvae, frequently 
become oedematous and painful to the touch Wiien opened, the larvae 
may frequently be found contracting and elongating but m other instances 
they are degenerated and sometimes enclosed in caseous masses Jlore 
or less local inflammatory reaction is encountered 

Ocular sparganosis especially described by Casaux and mote recently 
by others has been encountered especially in French Indo China and 
about the Tonquin delta 

JoyeuT (ipJ9) has observed r^ cases of sparganum jn/eclion of the eye >" Tonkin 
all following poultices of the tree frog Rana LimtiMhorn Either the emptied abdom 
uial cavity or a part of the thigh or even the whole ammal it used to make the poultice 
He thinks this method of treatment is employed because the frog is cold blooded and 
hence believed able to quench fiery tnflamcnation He has observed that the parMite 
may settle in the lids or it may penetrate the orbital fat or burrow towards the surface 
the face the temple the root of (be nose or the region of the cheek The globe of the 
eye is not penetrated though secondary bacterial infection may cause it 

The presence of the larva of the non proliferating type m the eye is 
usually characterized by pain, redness and oedema of the eyelids with 
lacrymation and sometimes marked ptosis The larvae have been found 
under the conjunctiva and nodules frequently form around the parasite 
in the conjunctival tissues Invasion of the retrobulbar region may give 
rise to lagophthalmos and ulceration of the cornea In the cases in which 
the lesions are confined to the skin due to the proliferating larvae acne 
like pustules may develop and the surrounding tissue may become honey 
combed by the parasites which when they invade the lymph channels 
may produce oedema and elephantiasis 

Jilueller (1938) has studied the infection experimentally in ammals He found that 
when the parasite is swallowed by various hosts it penetrates the wall of the intestine 
reaches muscle and continues to grow It traveb for some distance laterally under 
the peritoneum before piercing it and therefore the intestinal contents do not 
into the peritoneal cavity The adult parasite taken from the cat and transplanted 
into tissues of the mouse lives and grows for about 3 weeks The rhesus monkey will 
harbor plerocercoids to the number of 600 and will develop a condition of gelatinous 
swelling in the lower part of the trunk due to burrowing and disintegration of ^^jr^ano 

in subcutaneous tissue If however the monkeys have received previously injections 

of tapeworm substance thi swclliDg does not occur since the parasites are promptly 
encapsulated In vanous hosts the infection leads to an eosinophilia 

Treatment — Heller reports that be has treated successfully n cases with o!^***^^ 
lesions by intravenous injections of novarsenobenzof 30 cgms per dose for adults 
7-15 cgms for children over 4 or j days for a-6 administrations Tarsorrhaphy was 
undertaken to preserve the cornea until the worms had been killed and absorbed or 
discharged Comet (1939) advocates surgical measures in the ocular form in preference 
to the use of novarsenobenzol In accessible sites surgical treatment is rapid For 
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Diplogonoponis grandis (R Blantliaid ift94) » tape worm with * cooplel* letj 
of genital organs in each segment is from 1 S to d meters long and the mature segnjeot* 
are about a s mu' broad and o j mro long The ova are operculated about 50 by 
6 jh The life history ij not known Infection improbably acquired by eating raw 6sh 
tthich are behoved to be the second intermediate host Normally it is a parasite ol 
H hales It has been teported ut 6 cases of intestinal snfecUon from Japan The 
symptoms described have been colicky pains « the abdomen alieniating dianhoea 
and constipation progressive secondary anaemia increased pulse rate and lassitude 
The parasites may he wpelUd by admitusttatiou ol ol otesvti of aspidium or tatb«» 
tetrachloride 

Digraauna Brauni (Leon ipoy) —Two Rumanian patients have been reported as 
parasitized by this parasite Batr regards at as an immature avian species acodentally 
acquired from eating raw fish 

Ligula mtestmalis (Goeze 1783) has been reported in a Rumanian and a French 
patient It is a natural parasite ol piKivorous birds la the first case it was Sound u> 
the vomitusof the patient The parasite in the second case was regarded as immature 

Meaocestoldea Chandler (104a) has reported the first case of human infection with 
the species ot this genus It conforms closely in most respects with a species recently 
found by him in raccoons If saria&i/ir The child which harbored the worim 
was fretful and anaemic had poor appetite and complained of abdoimnat pam 
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Transmitled through Crudactans — Infections with Dracunculus medi 
nensis and Diphyllobolhrtum latum through the medium of Cyclops and 
paragonimiasis through certain ^aes of crabs 

There are many arthropod which may accidentally bring about direct transference 
of disease as with tabanid or stable flies which following contanunacion of tbeir biting 
parts with anthrax bacillus blood imghtdirectly transfer the virus when shortly after 
ward feeding on a man 01 animal or m a sunalat way transfec the trypanosome of surra 
tnechamcally 

Many non biting flies in particular the house and possibly cock 
roaches or other arthropods having access to our food or faeces are impor 



tant agents in the spread of typhoid cholera bacillary dysentery and 
amoebic dysentery 

In adition to the importance of arthropods m the transmission o! 
pathogenic organisms to man arthropods themselves may plaj an impor 
tant role in producing pathological conditions Thus the larval stage of 
the myiasis produang flies the chigger (sandflea) and the sarcoptic 
mite may invade the tissues of man and cause important and disturbing 
lesions Others as ticks may give nse to paralytic s>mptoms m some 
individuals by the injection probabl> of toxins or other secretions Still 
others ma> introduce venoms as certain species of spiders or scorpions 
or bees giving rise to both local and general symptoms sometimes fol 
lowed by a condition of shock with fatal results 







Chapttr L 

ARTHROPOBS IN THE TRANSMISSION AND 
PRODUCTION OF DISEASE 

The class Atachnida and the cta<s Insecta belong to the phjluo 
Arthropoda This pbjlum contains a greater number of species than 
does anj other phjlum, in fact it etcecds m this respect all other ph>la 
combined 

Olher arthropods are the Afynapoda of tbousand legfed worms and the CrusUcta 
tow hi h, belong the [obsters crab and water fleas — important zoologically but ol very 
slight importance medically For Venomous Arthropods see page 1538 

The different clashes of Arthropoda resemble the segmented rroiws 
but hate as the point oi distinction the possession of jointed appendage 
tvhich proceed from the somites m pairs Some of the pairs ol Jimbs are 
for louamotton, at times, certain ones may be specialized for food taking 

The somites or divisions of the bod} have a chitinous exoskeletoc 
Respiration takes place through the medium of gills in the Crustacea 
and by tracheal tubes m the Myriapoda Arachnida, and Insecta 

The Arachnida have no antennae whereas the Myriapoda and Insecta have a (ingle 
pair ot antennae the former having numerous pairs of legs or jointed appendages 
whereas the latter have only three pairs of legs The Vitbropoda have an eto(heletD& 
which IS more or leas unyiel^ngfromihedepoxtof chitinin the cuticle TbiscuticlcK 
not true slcin but only 3 secretion of the epiderous 

Within this external skeleton there ts a dorsal digestive s>steni and 
a ■ventral nervous system 

Grea/ Importance of Arthropods tn Medictne — Members of this phjlum 
are important not only because of certain immediate and direct effects 
of their activities such as the action of poisons introduced b} scorpions 
spiders and ticks or the painful and peace disturbing attacks of various 
biting arachnids and insects but m vastly greater degree m that among 
them are our most important transmitting agents of disease The follow 
mg IS a list of the diseases transmitted by them 

Tra»smtiUd by Irachnids — Rocky Mountain spotted fever tsut 
sugamushi and other typhus like diseases tick bite fever and the relapsing 
fevers of East and West Africa and of Panama 

TTansmillei iv Imects — ^Typhus fever European and Indian relapsing 
fevers trench fever American and African trypanosomiasis, plague 
tularaemia fiJanasis and Joauasis malaria yellow fever pappataci fever 
dengue oriental sore and probably other forms of leishmaniasis together 
with certain helminthic infections fDiPyluitum and Acanlhocephala) 
ttii 
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PATiiotOGiCAL Conditions Due to Aeachnida 
TsovBisn&AK (IIaktest ^IIrEs) 

These generally have a soft more or less hairy integument and are often bnghtly 
colored The trvo eyes are often pedunculated and the chelicerae are lancet-shaped 
and the palps project beyond the rostium as clan like appendages A Up like append 
age on the ap cal segment of the palps is charactenstio A very common and annoying 
member of this family is the hetapod lar\a oi the Treinitc la ilans It is in Europe 
designated Ltplas a lum lu Popularly it is termed harvest mite red bug or 
chigger 

Redbugs or Cbiggers. — They are found in the Gelds in the autumn and attack 
both man and animals They measure t son and cbmb up the feet and legs theirsmall 
size enabhng them to enter through ordinary clothing They do not penetrate the skin 
but soften the skin with a secretion from the bypopharynt Serum from Che host 
hardening makes a closed tube through which the brval mite feeds After becoming 
engorged (one or two d ys] they drop off and m ult on the ground to become S legged 
nymphs The adult mites do not attack man The condition (itching and redness) 
produced is at times called autumn I erythema There is a T omiidium (Trombicula) 
n hfeiieo which has a predilection for the skin f the eyehds prepuce and navel 
Cwmg (1938) divides the trombiculine larvae into 15 different genera However 
lA most instauces the adult miles ar as yet tinknown Tb y have a wide distnhutwn 
and species afiUcting mao are found in Australia Japan a d the East Indian Islaods 
southeast Asia Europe and North and South America 4 s yet apparently they 
have not been reported from India or Burma or in Africa In tome of the East Indies 
redbugs seem to constitute a m e intolerable plague lb n anywhere else The red 
bug dermatitis is probably due to a specific poison secreted by the mites The laffam 
nation of the skin may not be felt for t or even aa hours after attachment of the mites 
When the inflammation does commence there commonly appear large red blotches on 
the affected parts which itch intensely tnd are made worse by scratching After a 
day or 10 the red blotches blister nd fi ally scab over Sometimes the toaic effects 
are seen in the ner ous system occasioning imiabitity aod insomnia and not infre 
quenily fever Newcomers to red bug infested legio s may suffer severely the fi st 
season or two but are said eventually to appear to build up a tolerance or perhaps an 
immunity In such individuals it has been reported that the occasional red bugs which 
do succeed id attiching themselves although they may cause irntatioa are said to be 
unable to eng rge 

hforrow (1040) has prepared an antige by grinding the cbiggers and extracting 
w tb d stilled w ater Ce tain mdi iduab gave a po itive skin reaction to this antigen 
Heat seemed to destroy a portion f the antigen so th t it became less irritating and 
induced less eacCion He believes Uiat the e t eme irritation produced by the bite of 
the ch ggei in some 1 d viduals isduetopievioussensitiz t on of man by some substance 
introduced into the skin and he thinks it prob bly possible t bring about a reduction 
of the lint tion by desensitizalion with » suitable antigen 

Prere lien 0 d Triatminl -~ln countries wbe e red bugs prevail it is ad isable to 
sprinkle sulphur on the legs and inside the stock ngs especully for those who have to 
walk through tall grass or brush where these pests abound A hot bath shortly after 
nfection with soap and s da added to it often gives much rel ef For the itching 
weak ammonia or baki g soda appbed to the affected parts usually gives relief Sub 
sequenCly weak solutions of subacetate of lead or sulphate of copper are of benefit 
Cha dier from personal e perience recommends mentbolatum rubbed on the bites 
Trombicula akamushi is called ibe Kedani nute and a typhus like disease called 
tsutsugamushi w hich occurs in laborers harvesting hemp on the banks of certain Japa 
nese rivers IS tra emitted byit It is described in connect on with this d sease (p 973) 
Other forms f K ckett a are transmitted by mites of the genus Trombi ula such as 
r dell j 1 in Sumat a a d T k ft ofMossmanfe er m northern Auslralu 
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Bacterial infections of mosquito or other insect wounds bv scratching 
are frequentl> reported For a list of Arthropodan diseases see p 1558 
[Chap LIII] 


The Arachnida 

The Arachnida diBer from the Insecta m having the head and thorat 
fused together Thej also have four pairs of ambulatory appendage 
whereas the insects have three pairs The Arachnida never have com 
pound ejes — ejes -when present being simple Of the two orders of 
Arachnida of interest medictlly the Acarma is far more important than 
the Linguatulida 


ClASSlFICATlON 

or XHE Axachmida 


Farmly 

Genus 

Speaes 

fTrombtdiidae 

TrombicuU 

IT akamuihi 
JT irritans 

ParasiUdae 

(Pemanyssus 

P galUuae 

(tiponyssus 

L bacoti 

Tyroglyphidae 

1 Tyroglyphus 

jT faritae 
jT loBpor 


Ciycipbagua 

C domeiticus 

Sateopudae 

Sarcoptes 

S leabiei 

Detnodictdae 

Pemodea 

D folhculorur 

ITarsosemidae 

Pediculoides 

|Arg4s 

P ventncesui 
lA petsicus 

\ Argasidae 

|A muatus 


Ormtbodorus 

(0 tayigayi 
|0 moubata 

1 

Ixodes 

I ncmus 

I 

H>aloinn» 

H aegypticuB 

f 

lUiipKepbaSus 

R bursa 

tp vanabihs 

Ixodidae 

DermacenCor 

jp andersoni 


Bpophitus 

E anaulatus 

\ ' 

ArDhtyornsna 

A hehraeum 

\ 

Haemapbysalis 

H leacbi 


LioguatnU 

L serrata 

. 

Linguatuhdae 1 

AnniUifer 

A armiUatus 


Acardja 

Of the acarines the most important are the mites and the ticks The 
acarmes do not show any separation of the abdomen from the cephalo 
thorax A hexapod larva develops from the egg this is succeeded b> an 
octopod nymph which differs from the adult in not having sexual organs 


la addition to the four pairs of legs m the fully developed acanne there are two 
other paired appendages the chehcerae in front of the mouth and the pedipalps on 
either side of the mouth 
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It u rare U &i(J dale* Stokes (1936) #tte» e» tie octurretK'e of var»ous »!!ergjt matit 
fesUttons hom seosituation to the pMtem ^ the tub mite InlecUon result {rom 
the pasug of mafe »n<i female rates or of an uapngiuUd (etaalt from an infected to a 
healthy indiviijuaL IJSuaUy this occi^ bjr cooUct and commonly at night As 
however Gerlach has demonstrated the mites may bve tn diy warm air for 3 or 4 days 
It IS evident that infecCioit may occnt from bedding towels or oCb r articles that come 
into contact with the infected skin Chandler (1940) reports he once witnessed an 
epidemic of scabies arising from the use of an infected wrestling mat in a gvtonasium 
S abeimaycauseconsideraWedistarbanceamocgtroc^s Som timesasingleinfected 
individual in a canp where the inmates are drseiy confined may cause infection of the 
entire group 

For Irealm I it is advisable that there hould be a thorough scrubbing with g een 
soap ard narm water for ij minutes Then the patient soouM take a warm bath 
r mat mg in it for 30 minutes at least Th % softens the skin especially of the rnite 
burrox's Then the’o should be nibbed in Ihoroughly adcMbty with » toothbrush 
end persistently for 20 minutes an ointment of $ per ctot sulphur in Urd Theburrows 
should be espenatly scrubbed with the toothbrush and the acati removed or destroyed 
The patient should go to bed thus anointed The nett morning be should take a 
bathendputoa fresh clothing or ckrtbing that has been boded to lull the eggs or scabies 
rates This hrst course 0! treatment do* not kul th' eggs tbouglt >t usually kills 
the adultsand immature nutes soabiut todays later astcosd treatment mtb ointment 
as before must he •.atned out In cases as in the field, where it is sometimes impossible 
to stevts tbs must appropnate trealmerit outLoed appbtation of sulphue ouAnevt ot 
of ting Itydrag ammon at 1 d am to the lunce is frequrn 1> tlleetive if tuiM in 
thtten/htf on several successive days ttanv skins wiU develop a sulphur itch if the 
treatment is applied for too I>rg Ded clotbing and personal clothing must be boded 
or baked A tumbler in th laundry will destroy the mites m blankets and woolen 
elothieg at steam ng or boihng bbekets usually rains them 

Manson Cahr states that a Dan b preparation kathiolan a special ouitment con 
taming poutstum aulphide is used in the Baush Arm/ 

PfeteMifii rests upon atoiAmg conta t with infected individuals and avoiding the 
u e ot infected towels or getting into eonU t with is'ected bed lines 

Craw craw — This is a taiber chrani pdpular skin disease whtch is 
Dpt uncommon on the west con t of Afnca Thes' papules ma> be an large 
as a small pea and are quite as bard The> are found chiefiy on the legs 
and arms The piotitnal Ivmphauc gUads may be enlarged 

Undoubtedly many ot the case' called craw-craw are due to the itch mite Zn 
fact on th' African espediiioo of rpio Svaptts t o4«e» was demonstrat'd by Berjuaert 
and The let in a number ot cases in the scraptogs from the skin Blaeklock con luded 
that in Dianv pacts of t\tst Africa craw craw wuu ually due to this oute However 
thenanie craw-c/aw hasal ocbviojsly been apph dtoothers^in mfeciion mnhich 
somewhat similar lesions are preseot In some instances in whi h papulo-pu tular 
dermati sts present the I ions have been sbawn to be due to mihsry absccssei m (he 
epidersus produ ed by bacteria 

Loewenthal (19 g) poirts out that the caniUKin may have a \aned etiology and 
that in some iDSUrcesit mav be reaVy a forxBof entaneous on hocerciasis Formerly 
0 f (il reported the presence of a larval fitana in tbe lesions and MackCe also reported 
a species ol filana somewhat reseodibng AtaMhochtiUiiema persliitt 

Tq cases due 1 1 the itch mite treatmert ahonld be similar to that already described 
undeiscabies In the papulo pustular form tbereshouldbedisinfcctionoftbesurfaces 
with a strong antiseptic followed by compresses of saturated solut ons of bone aad 
f Honed by ^~c and or salicil c acid a ntmeatsm a strength of s per cent 

DiSerent aninuls have didcrcot ^cMS of itcb mites The term mange 1$ 
usually appCed to infestations of damesticated animals A senous mange of caw 
(Vetoeifm lal ) may attack man but (beiDfestattODiaraait quickly dies out (todays) 



PAI/tSiriDAE (CffrCTEW SflTES UzD JItTES OF PoULIIy) 

Of the Parasitidae which eenerally have a hard leathery body and stylifonn pierc 
ing chelicetae delicate five jointed pedipalpa and styliform hypostome only the 
Dermanyssus follinat is of interest This mite infests chicken houses and sucks the 
blood of the inmates In severe lofatabons they may bleed the foul to death They 
will also attack man Poultrymen may be troubled » ith a sort of eciema on the backs 
of the hands and forearms similar to scabies resulting from bites by these mites They 
measure 3S° X 6so#i They have no eyes The tropical rat mite Ltponyssus i^oli 
also will attack man and in some of the Southern states of the U S has been inctimi 
nated as a earner of endemic typhus The mite is said to transmit the nckettsiil 
disease to its eggs These mites may also produce a dermatitis 

Tybociypiodae (Cheese Mites) 

Grocers Itch — Mites of this family bve on cheese flour dried fruits etc They 
are small without eyes and have a smooth skin and a cone like appearance of the mouth 
parts which are largely formed by the chelate chebcerae They are chiefly of interest 
because of their being occasionally found in unne faeces etc and being striking objects 
the question of their pathogenicity arises The Tytoiiypkm lengiar has been associated 
with intestinal trouble (probably a coincidence the patient having eaten cheese ton 
taming these mites) Other species of Tyrtilyphut have been held responsible for 
vanillism in those who work with vanilla pods orfor copraitcb incopraworken 

In many parts of the world tbedermatitisconsisting of an itching urticaria is knovo 
as grocer s or baker a itch The mites of a species of Clyctphatus are frequently 
found in sugar and are the cause of this grocer s itch Rh ctlyphut parasittcus » 
reported to be the cause of an itch bke affection of the feet of coobes on tea plantations 
Distinguishing points of these 3 nutes are The dorsum and legs of Clyophaiui sM 
covered with plumose hairs Tyrogtypius has both claws and suckers on Cam while 
Rhtteglyphus has only claws 

Other disturbances due to Jiffgers (sand fleas) are discussed on p ijos 
SAKCovnDAE (Itch hfiTES) 

Scabies — The itch nutes ate small eyeless and with a transversely striated cuticle 
Fig 3S9 They bve on the epidermis of man and various animals The human Itch 
mile Sarcapiti scabiet is an oval mile the male is ago X I50#» the female about 
400 X 300)1 Besides the difference in siae the male may be distinguished from the 
female by the fact that the third and fourth pairs of legs in the female have bristles 
whereas in the male the fourth pair has suckers (ambulacra) In these mites the 
rostrum is made up chiefly of chelate chebcerae with quite short three jointed rather 
adherent palpi The female passes through four stages (i) Larva { ) nymph resem 
bles adult but has no sexual organs (3) the pubescent female (4) the egg bearing tei^le 
A female becomes mature in about two weeks The eggs 140)1 long hatch out m lout 
tofivedays A pair of itch mites may produce t joo 000 descendants in three months 
The male does not burrow Copulation takes place on the surface of the skin after 
which the male dies Scabies is produced by the fertihaed female who remains with 
her host and not by the eggs larvae or pubescent female The adult female burrows 
into the skin especially between the fingers on the wrists and penis In infants any 
part of the body may be affected These tunnels are from j to u mm longandtend 
to zigzag They are dark gray and at the entrance of the burrow the faeces accumu 
lation makes a sort of minute dirty papule A vesicular elevation marks the location 
of the mite at the bhnd end Scratclimg obhterates these burrow hnes They are 
indistinct in those who bathe frequently (Gale des gens du monde) The tunnels have 
the egg bearing female at the bhnd end scattered all along are faeces eggs and larvae 
the eggs being next to the mother and the more mature young at the entrance to the 
gallery The nates are more active when the patient s body is warm and relaxed hence 
the nocturnal itching A diagnosis can be made by demonstratmg either eggs or larvae 
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3 Byes absent Palpjcomt^l RoslnjabwaA >.ol ornate fformafiyialit 

Ey« present PaJpi not wmeal $ 

5 AnaJeroJeesabsent PalpihavesbifptransversendgeJ Notoraate BfafiAffut 

Anal grooves present djstjnct 6 

6 Ornate Square ro (rum Secoad ud tliud joists oipalpj as broad as (osg 

iVfCTaeen/oe 

'\Horoite Rostrum fcexa^fonaidorsaU} Rk ft epMstt 

A further descnplion of ircfcs »*id U>*tr cIsssihcatiDR la also discussed 
in Chapter V2I the tropicaS relapsms fevers where species o/ the genus 
Ornilhodetm have been particularly considered in the transmission of 
African tick fever 

Dermacentor andeisooi (D temulus) Fig «8 has been referred (o and 
lihislrated in the chapter on the transmis ion of potted fever of the 
Rocky Mountains It is a reddish brown tick with a dorsal shield marked 
by Mack and s lv<r> white lines 

Thi’ male » about i s by « cam Tbe young /emale is about 6 by a a mie «bea 
repletf i$by9>nia I(oeeursintbeiiortbnei(eraUiitttdSt3les*ad6ntisbCciIunibia 
wbrrt It IS the ectar of Rocky MouoUin spotted fever It tear miis tularaemia aod 
isa cause of tick paralvns Jl appears to begraduiity rxteadirtg its range Tbe larvae 
sod nymphs ucliaesiralt rodents as hosts but the aduit ticks re<iuire large masiioalaot 
Bin The t k survives long periods of starvation According to tooley if the adult 
laili to find a host the first season it niU hiberoau and try again the second year if 
Bcctssary agaio the third year and rarely may survive to try again the fourth ya« 

O vartabilis tbe common ligtckofN rib America uthevectorofspottedfererm 
the eaifen (/nited nutes It eUo transmits tulareeima Other t cas which have been 
ehown to convey ricketlsiat diseases are dmUvoMmo csjiMurM in BraeiJ A Mri<un 
RM ptviphol^t «/pen<fieiiia/ur and BttfMus iffttJt utetm in *iQuth Afnce and Rkt 
px pk fas ran uineiH in Europe fioeph 'us snnulois) transmits Boheiw big mins the 
cause of Teu< fever of cattle tarsae developing Irons egg of frmale ticks which have 
fed oninfected cattle transmit (b disease beveral^enr of Aki/i rpAxur have been 
shown to transmit otherpiropla mesest various speciet of aaoioials f/aemopAyrofrr 
Itfert) folnsi n tie common rabbit tick dirsemmatts Rocky Mountain spotted fever 
and tularaemia among rodents but rarely if ever conveys them dit ttv to nan 
Amgst m and Bader {ipait wpo t that tinWromino amerivinaiu probably tta sums 
endemic typhus Parker rhibp and Jelbson hate found it an efS i nt carrier of 
Rocky Mountain Spolted fever 

It has been shows that several species of ticks wtll harbor the virus of yellow fever 
lor from 4 to jS day and expenmenial tnusnussjon to monkeys has been reported to 
fol'ow ibe bite of Ormth iat s resiroliet O neuMa and AmWyvmma cjjtKn lue 4 to 
8 days after infecti n fAragau rP33) Tbereu no etufence as yet 0! transsussion by 
ticks under natural cond tuns 

Tick pArslyais is an acute mtovcatiun which is caused by the bites of 
rap dl> engorging femaie tides of certain species It ha been observed 
chiefly m sheep dogs and occasionalH m children It is most apt to 
occur if the buc is about the head or neuL It is charactcn«d by fever 
and an acute ascending paralysis {beginning m the legs; which might be 
lonfused with pohomyehtis H the tick is discovered and removed 
promptly recovery occurs in a few dhvs If this is not done death may 
occur irom paralysis of the respiration It is believed to be caused by a 
venom secreted by the salivarv glands of the tick during the penod of 
rapid egg development It has been reported chiefly from Oregoo and 
BnVisb Columbia (where u is can ed Iqr Dermarentj endersont), and also 
from portions oi Europe South Africa and Australia where species of 
Ixoctes have been incriminated 
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TICKS 


DiuODrouAE OUa Foi-itctt Mwes) 

Dejuodex FoUjculormn.— Thu u • venzuform tcanne about 40011 long livuig head 
down chiefly in the sebaceoua gUnds ol nose and forehead The eggs are about 75 X 
3e(i A su legged larva hatches from the egg and develops into an eight legg d idult 
after four roouJtings Some of the cases of bJacltheads are due to this face nute 
and from 50 to 9 ° per cent of human beings have been reported to harbor them (Ger 
many) Statistics do not show greater frequmcy of mites in comedones m the U S 
than 10 normal glands They do not seem tn cause ait> lU effects tn man butlhecoms 
done continues until the mite is expelled A diifferent species causes a severe nunge in 
dogs 

Ta&s&vssiinvE (Loo z Mite ) 

This acanoe family shows a complete dimorphisto. The last two pairs of legs are 
widely separated from the front legs Tbt PedicuJeides texlrtcesus ts oval the male is 
about tag X 7SM and has claws at the extremities of the anterior and postenor pairs 
of legs the two other pairs have hooklets and a Sucking disc The female is about 
twice as long but of the same breadth as the male and has claws only on the anterior 
legs The chelicerae are lancet-shaped and retractile The large pedipalps are fused 
together anteriorly The gravid female is hire a ball and u about iooom ia diametK 

These miles are viviparous a single female containing frora soo to 300 sesusUy 
matur tnit s The) live oa various insect bcvae found on cereals and other plants^ 
particularly straw and cotton and from haodbng or sleeping on infested beddieg 
matenal man may contract a violent dermautis possibly covering the entire body 
The eruption wuh wheals papules and vesicles appears in about 1$ hours-marVed 
Itching and bucnmg and sometimes fever 


IXOPOIDEA (Ticks) 

The superfaraily Ixodoidea u of great tmporiance inedicaJl) It » 
divided into 2 /amiJj groups the Arcasioae and the Kodidse The 
foctnct IS discussed in Chapter VII (African tick fever) 

FamilV Ixooidae —Mouth parts project in front of body when viewed 
dor ally Scutum present Stigmal plates posterior to fourth pair of 
legs Adults have suckers beneath claws Skin finely striated 

Anus behind middle of venter becual dimorphism marked Male 
has well developed scutum female has porose areas 

Seehoa Iiodeae (R-ostriata) — l>ansver»e recurved preaaa) groove in fwoa’e 
Male has ventral surface covered with chitiiious pUles No eyes Genus /xeifu 
Ixodes has long tostruBi with slender palpi-~^^pi narrow at base leaving gap 
between them and hypostome No festoons . 

/ ttcinus IS the intermediate host of Paietit hetir the tause of cattle tever n* 
Europe This and other speaes nay cause tick paralysis 

SectwaRIujicephaiae (JHetssCnata) —Anal grooves behind the anus or absent inttit 
female V entral surface of male without adanal plates (m Dtrmaitnlor f/eemo/hvseits 
Aponomma and Amblyomrua) ornith one or two pairs (in llyalomrnt Rhiptctpkdus tno 
Soepktlus) Marginal festoons prrsent, mote distinct tn the males 
The more important genera can be distinguished as foUons 


j Pal^i long and slender 
Falpi short 

r Segments ol palpi equal in length Eyes present 
Second palpal segment much the longer 
4 \ety ornate Eyes present 
Not ornate Eyes absent 


Uydommo 

Amhlyomma 

Aponfiai^o 
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long the female yellowish le cm ton and has about 90 annular segments The 
eggs are thick walled contain a deaeloped embryo and are enclosed m a thin walled 
bladder like sCiuctuie containmgSmd These are discharged w th the nasal secretions 
nhen ingested by a suitable intermediate host usually a herb vote occasionally man 
a minute (75/1) four legged larva is kberated This penetrate through the gut wall 
and reaches usually the hver of mesenteric glands where it develops moulting several 
times and finally (after 6 months) encysts as a nymph This is about s mm long and 
resembles the adults escept that there is a row of minute spines on the postenor margin 
of each ring W hen the intermediate host is eaten the nymphs make their way to the 
sinuses and develop mto adults 

The parasite is widely dstnbuted but nowhere abundant Human infection 
with adult parasites is very rare but infection with the lai ae is not uncommon 
in parts of Europe D agnosis intravitaRi u rarely possible Little is known as to 
symptomatology 

Armillifer annillatus is a paras tehving m the trachea and lungs of pythons and other 
Af lean snakes Other species are found on thesurfaceof the 1 er sometimes encysted 
The mal s are 3 to g cm long with about t6 ■ gs the female 3 to 12 cm ton with 
about 20 rings Tie eggs (80 to ioom^ co t n a de eloped larva They a e passed 
with the hronchiil ecretions of the snakes and are ingested with contami ted fo d 
0 water by monkejs occasionally by various hervibo es or b> man The Ur ae 
penetrate into the 1 ver or other 0 gans under o a pr tracted period of de elopment 
(: to a years) and finall> encyst (nymph) When the intermediate host 1 eaten 
by a snake the nymphs a e hbe seed and p netrate into the lungs v he e they develop 
rapidly into adult forms Many cases ( human infect on have been epo ted f om 
veest Af ica espee ally the Belgian Congo A few c ttt f human infe tien ha e 
been repotted from the Orient (with A ontli/frmti) and two cases from America 
(possibly with Pane f/calu enlaU of tattle snakes) 

It has been suggested that human infestations wer^ probably acquired 
from ingesting raw infected snakes However this seems somewhat 
improbable Moreover Van den Berghe (1938) in etperimental mfec 
tions m animals has shown that man is probably infected b> drinking 
water containing the ova deposited from either the sputum or excreta 
of the snake In water the ova showed considerable resistance The 
envelope of the egg does not become digested in the gastric juice but m 
the duodenal juice The larvae then penetrate the intestinal wall and 
the layers of the peritoneum and enter either the thoracic or abdominal 
organs as the lungs and bver 

The Insects in Relation to Disease 

Insecta 

The class Insecta has one pair of antennae three pairs of mouth parts 
{the fused labium being considered as one pair) and three pairs of legs 
They have three divisions of the body — head thorax and abdomen 

The head carries the antennae and mouth parts the thorax which is divided into 
the prothorax mesothorax and metatborax carries upon the ventral surface of each 
thoracic segment a pair of legs and on the dorsal surfaces of the two postenor segments 
a pair of wings The abdoxofn d e» not support appendages Tie air is supplied 
by means of tracheae — branching brcathiiig tubes which have external openings or 
St gmaU The tracheae are sliSened by sp I chitinous bands The Malp ghan 
tubules are ercreto y org ns of the alimentaiy system and e Crete nitrogenous waste 
material Insects have two pairs of wings the second pa r of which is frequently 
rudimentary and shows simply as knob hke pro)ections These are termed halteres or 
balancers In some insects both pairs of wings are rudimentary as in S phonaptera 
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Barnett (1937) Gibbes (1938) and Mail (1939) have reported with 
reference to wood tick paralysis in the United States due especially to 
Dermaceiitor atidersom In one case reported b> Robinow and Carroll 
(1938) from Georgia and one bj Beach and Ravcnel (1941) in South 
Carolina the tick was Z) tariahtlts In British Columbia it is said some 
tso cases many of them fatal are reported every year 



Fic 360 — Pcvelopment of Poro €ph«l t (Afte van den Bergh ) 

1 Ova m the pulmonary mu us of Boa contt ictor 

2 The ovum more strongly magnifirt , 

3 To the 1 ft and below two larvae of Fo oee/S /mi fasalHrliv g between the folds of 
the jnesent ry tn an expenmentaBy infect d rat 6 days after ingestion of the ova 

4 One of the Urv e mo e h ghiy magn fied 

LINCUATCIIDA (PENTASTCnitllA} (tIIK ToNCUT AVoHifs) 

These are degenerate worm like arthropods formerly classified with the Arachnii^ 
although they are not closely related lo any other group The adults have elongated 
annulated bodies They have two pairs of letnctde mouth hooks Otherwise there 
are no trai.es of legs antennae or palpi m the adults The species of medical interest 
are included in the family Lmguatuh^e (tongae irerinr) . 

Lmguatula serrata Fig 359 (J. rh narta) m the adult stage is usually a parasite 0 
dogs or other carnivores (rarely of man) occamng in the nose or paranasal sinuses 
where it causes severe ehroiuc inflammation and bleeding The male is white a cm 
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Pediculidae 

In this family there are no wmgs and there is no metamorphosis 
The> have simple eyes and 5 joints to the antennae The legs are welt 
developed and terminate in powerful daws The joung resemble the 
adults The ovoidal operculate eggs (mts) are deposited on hairs or 
clothing of the host 

Pedieulus Humanus Var Corpons {P w hmeni ) F gs 1 » and 361 — This louse 
lives about the neck and trunk undcKlothing being raidy found on the skin The 
louse feeds about tuice a da} deprivation of food causes the death of the adult m 
9 days and the newly batched louse in two da}rs 

Pedieulus HuBsanusVar Capitis — The eggs usually 60 in numbec are deposited on 
the hairs of the head the favorite region bei g back of the ears They hatch out m 
6 d }S The lice larvae on emeigcnce closely resemble the 
adult and beg n to feed shortly after fa tching They moult 
about every 3 days and become adults witbin 10 day 

These organisms have been d scussed and desenbed n the 
chapters on Typhus and Relapsing fevers 

The body louse (and probably the head louse) has 
been shown to transmit epidemic tvphus fever and 
trench fever Mackie (in India) and Nicolle (m 
northern Africa) showed that it is a vector of some 
strains of relapsing fever (m Europe India China 
northern Africa and North Amenca) Whereas the 
louse can transmit typhus and trench fever by biting 
the spirochaetes are introduced only by scratching and 
rubbing the infective body fluids of tbe louse into the 
wound Typhus and trench fever are usually intro Fio 361 — Pe 
duced m the same way either the crushed body of the • * 

louse or especially the faeces being infectious These (S h mb g) 
viruses apparently undergo some developmental cycle 
in the louse since the louse is incapable of transmitting these diseases 
until several days have elapsed after the infecting feeding typhus fever 
8 to 10 days (the faeces may be infectious after ^ or 4 days) relapsing 
fever 4 days trench fever faeces infective after 7 days 

Pbthirus Pubis — This I use is popuUriy known as the crab louse The female is 
I ttle more thin inch m length and tbe male a UiBe less They are almost square 
The second and third pa t of legs ate supplied with formidable hooks They have a 
preference for tbe white race and bve about the pubic region Tbe female lays about 
a do en eggs which h tch out m about a week It 1$ not known to be a vector of any 

The atlouse PolyplaxspinuJasas is mportantasavectorofendemictyphus among 
rats The rabbit louse llae itxf pj stentricosns was shown by Francis to be a vector 
of tularaemia among rabb ts Tbe dog kmse {TrtcMtctes ea i) is one intermediate 
host of I> 

Hemipteka (Rhynchota) 

The Hemiptera or bugs are insects possessing mouth parts modified 
for sucking in which the lower bp or labium or beak having 3 to 4 seg 
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Vheo insects show taeiamo^shosis »ornj hLp Uivar hatch fro® ®SS® 

these brvae are succeeded hy a quiescent non feeding encased pupa which finaDy 
fievtlopsTO\«>i>s^iHi&8oM fully developed ussm An insect whsth d&esnot ptesent tbs 
developroental cycle ibous (ocooiplete netamorpbosis Of the class Insecta only (he 
Anoplura Xlenaplera hipbonaptew and X>iptcra «« of special iniportaoce 


ANOPiOKA (SiMTOVCOLAXa) 

These are sotaU dorso-ventrallj Sattened wmgle^ insects not show mg 
metamorphosis 
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Pedicultdae 

In this famil> there are no wings and there is no metamorphosis 
They have simple eyes and 5 joints to the antennae The legs are well 
developed and terminate in powerful daws The young resemble the 
adults The ovoidal opcrculate eggs (nits) are deposited on hairs or 
clothing of the host 

Pediculus Humanus Var Corpons (P wibnunlt) Figs aioandjOi — This louse 
lives about the neck and trunk undeKlothmg being r rely found on the skin The 
louse feeds about tnice a day depn at on of fo d causes the death of the ad It m 
9 days and the newly hatched louse in two days 

Ptdiculus Humanus Var Capitis — Tbeeggs osuolly 60 in number are deposited on 
the bans of the head the favonte region being back of the ears They hatch out m 
6 days The hce larvae on emergence closely resemble the 
adult and begin to feed shortly after batching They moult 
about every 3 days and become adults wiibm 10 days 

These organisms have been discussed and dcKnbed in the 
chapters on Typhus and Relapsing fevers 

The body louse (and probably the bead louse) has 
been shown to transmit epidemic typhus fever and 
trench fever Mackie (in India) and Nicolle (in 
northern Africa) showed that it is a vector of some 
strains of relapsing fever (m Europe India China 
northern Africa and North America) Whereas the 
louse can transmit typhus and trench fever by biting 
the Bpirochaetes are introduced only by scratching and 
rubbing the infectiv e body f uids of the louse into the 
wound Typhus and trench fever are usually intro Pie 3S1— p 
duced in the same way either the crushed body of the , 

louse or especially the faeces being infectious These (Seh mb g) 
viruses apparently undergo some developmental cycle 
111 the louse since the louse is incapable of transmitting these diseases 
until several days have elapsed after the infecting feeding typhus fever 
8 to 10 days (the faeces may be infectious after 3 or 4 days) relapsing 
fever 4 days trench fever faeces infective after 7 days 

Phthirus Pub s. — This louse is popularly known as the c ab 1 use The female is 
httle more than inch in length and the mate a tnfle les They ire almost square 
The second and third p ir of legs are supphed with fo cud ble hooks They have a 
preference for the white race and hve abrat the pubic region The female lays about 
a dozen eggs which hatch out m about a eek It is not known to be a vecto of any 
infection 

Tbeiatlouse Polyplaxipinolosat is important os a vector of end mictyphus among 
tats The rabbit louse ffarmod F s alrtt was shown by Pranas to be a vector 
of tularaemia amo g rabb Cs The dog louse {TncMectts can ) is one intermediate 
host of Ihpyltd urn 

Heuiftera (Rhtochota) 

The Hemiptera or bugs are insects possessing mouth parts modified 
for sucking m which the lower hp or labium or beak having 3 to 4 seg 
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ments has its edges curv'ed to form a groo\e ^\ltbln this groo\e are 
the biting parts— the bnstJe hke laandiWes and maidke 

The farmer ate double ^ooved on thejr internal sur/ates and thus when sppostd 
form two tubes one for iniection of sahva and the other for suction ot joite or blood 
The maullae support the nundtUes When la repose the beak or rostram is buit 
back under the head or thorax The beak »s wvered by the Ubrum only at its base 
thus differing from the Diptera in tchtch the fabruot goes into lorsiitKjaolthesuclaig 
tube 

Bugs hiM no pafpj They hate two pairs of t«n^ which m som gener* however 
are rudimentary The ruetamoridiosis in this order j* incomplete 

Cumcidae 

These have a flattened body a three jointed rostrum, and four jointed 
an tennae Theif wrngs are atrophted 

Cunex Lcctul&nua fertHleeio) (tig rr p jjo) —This is the cosmopobtia 

bedbug or chinch It rerasuiesabout by inch ($ by j mm) It is btewmsh led 
in color The most conspicuous feature of the bedbug is tbe long proboscis continiioiis 
with the dorsal integutaenl of the head and tucked under the ventral surface Isbitw* 
the proboscis u straightened cut and 4 piercing stylets are protruded to puncture tb« 
skin There ate twopromment eyes and two lout jointed antennae TbeprotborssiS 
fattened at tbe side There are eight abdomiRal eegmaats The bedbug lives a 
cracks and crevices especully about beds It « said they can tnigrate from house to 
house It » evideAi that they h<v« been frequeorfy traiiiferred wiib soiled clothes 
They have a peoetrating odor when cnisbed The female deposits about 30 <ggt *1 1 
time is cracks and in 10 days they batch out mta larvae which pass uisecsiWy ml® 
adults by a senes of j snoultings dunng a period of a or 3 months The depositing nl 
eggs occurs about 4 tmtei a year Hie larvae bite as well as the adults Tie avenge 
period of active life is probably from j to d months but in a cool place they may luf'A''® 
a year without food They will also bite other animals and occasionally infest c»c**® 
coops and laboratory animal cages They ate easily killed by tnoderaiely high tern 
peratures (tto to 120 f } 

Cime* Rotundatus (d tcfuninla) —In India the C rofandatwr is the one encoua 
t«ed It IS dark mabogany m color has a smaller bead nirtower abdomen thicic 
rounded prolhoraeic borders and is more densely covered with hairs than C lerJul^ruji 

Related species of bugs (Mrasitic on other animals patUcufatly bats and birds 
occasionaUy attack man but they raicly esUbbah themselves in human habitations 

Relation to Disease — The bedbug bus been suspected of being a trass 
mitlcr of many diflerenl infections but there is no convincing evidence 
that it p5a>8 a teatl} important pari »n the natural transmission of any 
of them Francis show^ that it is readily infected with P tiilarmii 
and transmits the infection by biUng (once) It can be infected with 
plague hacUli and animals can be infected b> tubbing the crushed bug or 
Its faeces into tbe sbm but not by a bile The same appears to be true of 
Borrelsa reciirreulis Leptospira tcUro haemorrhagiae and Trypanosoma 
cru t It probably plays no part m the spread of typhus fever or Leish 
manta infections Ihe ordinary pathogenic bacteria do not mulftp’}' 10 
the bug because of the bactenodal action of the contents of its digestive 
tract 

SledsnidOf 

These heaupteii are popularty knvwn m sssassia bugs corsairs or kissing bug* 
They have » long narraw bead and » distinct neck They »re vigorous fliers »ad run 
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ners The majont/ are predaoous feediog on other insects but if disturbed may 
mflict very painful bites on man A few have become blood sucking parasites and are 
of great medical importance because several species are hosts of the South American 
trypanosome T c u The parasite undergoes a regular cycle of development in the 
bug and IS transmitted by it (See section on Trypanosomiasis ) These species are 
nocturnal biters and then bites are relatively painless They ate common in tropical 
America 

Triatoma megista (C norfiiiurneg sin) (Figs 48^210 pp 111 2:933) is theimpor 
unt vector in Brazil U is called barbeiro because of its preference for bitmg the 
face Itisbl ckwithredmarkingsonthewings abdomen and protborar Tbeanten 
nae (m this genus) are inserted miduay bctvieen the eyes and the po nt of the head 
The bugs live m the native huts hiding in cracks during the day and feeding on the 
1 matesatmght Itshabits art like tboseol (hebed bug The wingless larvae (nhich 
also bite) hatch out of the eggs in about a month and attam maturity in about a year 
The infection is spread among the bugs by then habit when opportunity offers of 
sucking blood from the distended abdomens of their companions and (m Rkodntus) by 
the coprophagous habits of the larvae 

Trialoma t /tsians replaces the p eccding speaes as a vector from southern Brazil 
southwardandwestwardtfaroughC^b Bobnaand Argentina Other species naturally 
infected include T tra iIkhus T dimulnUa T t nuuSata T bravarta and T sardiia 
RMnius pnlixui (and R p cUptt) replaces Tuaiama as the principal vector in 
northern South America It is brown niihyellonisb matkangs The antennae m this 
genus are insetted near the ettremity of the bead 

Several species occur m the southwestern United States including 
Triatoma sanguisuga {Cana A nut zongaitugus) the Texas or Mexican bedbug 
It lemetimes preys on sod obtai s its blood from the common bedbug (C mea) and 
perhaps thus having acquired a taste for human blood it now attacks man It is nearly 
in inch long dark brown in color wiiba long Oat narrow head and a short thick rostrum 
It IS spreading northward It has been infected with T c u 1 experimentally 

StPUONAPTEItA 

The fleas are laterally flattened markedly chittmeed wingless insects 
which undergo a complete metamorphosis The classification of the 
Siphonaptera and the importance of the Pdiicidae tn the transmission of 
disease has already been discussed in Chapter WJJI (Plague) 

As a result of the convmcmg etpenmcnts of the Indian Plague Com 
mission the role of fleas m the transmission of plague was absolutely 
established It is by the bite of Xmopsylla cheopts that plague is chiefly 
transmitted from rat to rat and in bubonic and septicaemic plague it is 
apparently the intermediary in human infection However any species 
of flea which lives on the rat is capable of transmitting plague as would 
also PuUx irritans if fed on the blood of a human case of septicaemic 
plague 

Trypanosoma lemst (and possibly other rodent trypanosomes) also are 
transmitted by fleas either Pulex irnfani or Clenocepkalus cams The 
trypanosome undergoes development in the flea the infecting material is 
in the faeces of the flea and transimssion may occur by the licking on the 
part of the rat of faeces from an infected flea The infection has no con 
nection with the puncture wound of the flea as is the case with plague 
The rat fleas (\ cfieopts and C fasciains) also serve as vectors of 
endemic typhus {Ricketlsia moosert) conveying the organisms from rat to 
rat and rat to man (Sec Chapter XXV ) Fleas may convey tularaemia 
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from rodent to rodent but arc not known to have infected man Ttt 
evidence at present indicates that they are not concerned with t?ie irans 
mission of the trj'panosome diseases of man or the larger mammals or of 
Lttskmanja 


Tuncioae 

In the Tungidae familj of fleas the abdomen of the female becomes 
enormously distended with eggs and she remains fixed in the burrow 
she has made under the shm whereas m a!! other families the femalr 
remains practically unchanged with freedom of movement after 
fecundation 

Ttmga penetrans {DertttaUphilut ptmUafis) the jigger chigoe 
nigua (of South America) or sandflea is of great importance m a number of 
tropical countries Onginatlj found in tropical America it was said to 
have been introduced into Africa m sand ballast m 1872 It spread 
rapidly over nearly the whole of Africa Iloncver the affection has 
apparently not jet established itself in India or in Europe alihough a 
closely related species 3 * caea^etta has been found on the ears of rats 
in Shanghai 

The male and virgin («maU *r« reUiivrIy unimoorUnt as they do not p*n«li»J* 
the skin but act as ordinary fleas The female Hhieh when omniptegnaled is oa y 
about inch long when impiegnated bores its way into the skm of man Hpeciaily 
about the toes sole* of the feet or finger nails and in the chostn site develops enof 
roously becemins as large is a small pea This enlargemenl uiet pfece in Uie 
and third abdominal segments which are packed with eggs measuring about eew Iwg 
and nvifflberiRS about too CUmcatly a small bbek spot in (he cenicr of a tense 't^bir 
pale area is characteristic The roctasnorpbosis ts similar to that of the flea * 
can be ifferentiated by the proportionately larger head and especially by the fact 
that the head has the shape of the head of a fish distinctly pointed \\ iih tbe Sen 
the lower border of the head comes out m a straight line to join the curve cf the upP®* 
part In the Txngo lower and upper border of head are both curved 

Ufan and pigs seem (0 be the pnncipal hosts butcats dogsandratsareal oaffretea 

The wounds made by the burrowing female in the shin may become 
much inflamed and very painful Frequently the distended abdomen 
of the flea is crushed and the eggs xeleased m the wound and in such cases 
marked inflammation may occur unless the crushed body and eggs 
immediately expelled \\Tien the eggs ore laid m the skm the tissues 
around them ulcerate and pus is fonned In this way (he contracted 
female flea is expelled The lesion which is left is very liable to infection 
by bacteria and this has sometimes resulted in the loss of toes or larger 
parts of the iimbs through Wood poisoning In Central America deaths 
from tetanus and from gas gangrene following chigger wounds ha\e not 
infrequently been reported Qutros has estimated that 250 deaths from 
tetanus occurred in Costa Rica m 4 years from infection cf Nigus 

(sand flea) wounds tthile sometusesonly a few fleas are present at the 

time there are cases m which hundreds infest a person at once Then 
the skm may become honejeombed and the foot or other parts of the 
body become so sore that the patient is temporarily incapacitated 
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He Ireatment formeflj recommended was IJie deslructjon of tin* 6cas 
while imbedded in the wounda b> applying insecticides the dead insect 
being later removed after ukeiation often with the needle It is now 
recommended that the enlraivct hole of the flea he first enlarged with a 
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clean needle and the parasite reniotel «nt«rcl> Then the wound should 
he cleansed with an 4aii eptiu solution and dressed with an ants eptic 
ointment 

Quiros in Centtal Amtnca liaseinpl >ed *)s grams ol sal cylic»«d and iostsbis 
oficbtbyalin lopatnsof vasel oe ’I1aa»»rubWiiJfolheliit«evtry3dayj especially 
a'Wt bilhing and expellt newly attacfied fiexsand pteseait feesh infettions tes pit 
ventjOD tboreugh rubbing cl tl> fort tvgty » w j day* soib vasdmt 3^ og and f j 
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drops of lysol or Cresol sosp has been cmpIoTed Isfecti jn can be avoided to a great 
extent by the use of lugh boots or hoes and leggings In Central America Quiros 
recommended that the dnving of hog affected witii jiggers through the streets should 
be prohibited together nith regulations for treatment of the affected hogs 

The sticktight fiea Ecktdnapkapi goU tuuea is classified in another family 
EcniDNOPHACTDS£ It IS a sm U dark colored flea which commonly attacks chickens 
m tropical and subtropical countries inclnd ng the southern Umted States However 
while the normal host IS the chicken other poultry dogs cats rabbits rats and other 
animals bes desman are attacked In human beings it can easily be found and removed 
as it IS not as active as the Tunga flea 

PrnenI on — Stnet cleanliness in private houses or public bu Idings prevents fleas 
frombreedinginthem Dustycracks uncared for carets etc furnish excellent breed 
mg ground for the human flea An infested bouse can be nd of fleas except the eggs 
by sprinkling the floors with naphthalene and dosing up the rooms every rught or by 
scattering sod um fluonde or pyiethrum po vder on the floors especially with a dust 
gun or spraying with pyrethrum insecticide Rat fleas of course can be controlled 
only by the control of the hosts (See Plague disinfection Ch X\ HI ) 

Diptera 

The insect o{ the order Diptera are of great importance medicallj 
either because of the direct irntation of their bites because of their trans 
muting disease directlj as does the common house fl> typhoid fever or 
because of acting as intermediate or definitive hosts for various parasites 
They are characterized b> mouth parts formed for puncturing sucking or 
licking They present a complete metamorphosis larva pupa and 
imago As a rule the Diptera have one pair of functional wings the 
second pair being modified into halteres 

The sntenor portien of the bead which I es below the ongiD of the antennae la the 
face and on each aide of the face are seen the cheeks which should be atudied as to 
presence or abundance of hairs The antennae which separate the frons from the face 
are of great importance in classification In the Muscidae the appearance of a feathery 
structure projecting from the terminal segment of the antennae and called the a sta 
IS important This may be bare or feathered and the festhen g may be only on one 
side or of one part 

The males of flies in which the two compound eyes come togethe above the antennae 
ate referred to as h loptic if more or less widely separated as dichoptic Ocelli are 
single eyes usually three 1 number and when p esent situated n the triangular space 
between the compo nd eyes in the irons (the space sep ting the compound eyes) 

In studying the biting flies it is very impo t nt to retognue the anterior small or 
mid-ciois vrin u the wings This si oit transverse nb or vem is the key to wing vena 
tion Beneath it is the d seal cell and t bounds the first poste or cell internally or 
basally The fourth longitudinal vein which touches the bottom of the mid cross vem 
IS of particular import nee as it gives different shapes to the first posterior cell as it runs 
along the lower border of this cell The do ed in d seal cell » b low the fourth longi 
tud al vc n The character of the antennae should als be noted carefully Thestudy 
f thebri tiesabo thead thorax and abdomen (chaetotaxy) is more difficult Anyone 
takmg up the study of fli s $h uid rote car fully the wings etc of Husca doTntstua 
By putt g a few bouse files on most horse manure in a gauze covered bottle the entire 
metamorphos s may be observed 

Classivicctiow of Dipteka 

T SuborderOrth rb pha ThebrvaehaveaweU-diSerentiatedhead Pupanaked 
Imago escapes from the pupal case through a T shaped break on the d rsumnear the 
anterior end No frontal lunule W mg venation simple 
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& Sttiei t Nematacera Xfidge like losecti with long many jomtfd (3 to 16] 
snteooae and usually long slender palpi of one to jive segments Anal cell sol 
narrowed toward the mng xaargai 
a Marginal vem not continued beyond tbe tip of the wing 

I Simuludae (Buffalo gnats black flies) Antennae sborCer than tbe 
thorax with 11 segments not plumose Wings broad without scsiesoi 
hairs 

* Ctuconomidae (Midges) Antennae longer than the thorax bushy flitb 
14 segments Wings narrower medun vein forked Wings bear stls* 
no scales 

0 Marginal vein estends entirely around ttc wmg Second sod fourth loep 
tudinal veins forked 
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Fic 367 — W ng venation of D pt fti A 7 rst posts or cell B d cell * 
cossven u auxil ary ve . --i » 


■pnal cell O Bubmarfiinal c U 


3 Psychodidae (Aloth midges sandflies) Wings «nd body thickly cover 

with coarse hairs Wings ovale or pointed , 

4 CuUcidae (Jfosquttoes) Withoutthesecharacters Wings with rounae 

tips Posterior margin and veins of wings fnngcd with scales ' 1 °'' 
parts long slender adapted for biting . 

6 Senes i Brachycera The antennae ate short composed of only two or Iht 
simplejoints wnhorwithootastyleoian ta Thepalpsareneatlyalway^oo 
and never snore than two yiinted Anal cell closed or narroived towaru in 
rnargin oi tie wtng 

Tabanidae (Horse flies) Thud joint of antennae complex Costal vein so 
lOUDds the wing 
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II Suborder Cjclorrhapha Head of larvae not differentiated Pupa enclosed m last 
larval skin Imago escapes tiirougli an anterior circular opening in the puparium 
pushed open by the ptihnura (This is an inflatable organ projecting just above the 
root of the antennae and is retracted as soon as the imago escapes leaving behind 
typ cal scars the frontal lunule and the frontal or ptilinal suture) (see Fig 366) 
\\ing venation more complex 

a Senes 1 Aschiza Ptilinum small front I sutu e absent 

Family Syiphidae (Hover fees) Anal cell ends in an acute a gle reaching 
nearly to the wmg margin \ spunous vem between the thi d and fourth 
longit dinalvems (Mostly large brightly colored flies A few cases of human 
mtestinalmyiasishavebeenreporledduetotbe rat tailed larvae of rriifaljj ) 
b Se les a Schiaophora Ptihnum large frontal suture and lunule marked 
causing retraction of front of head Head freely movable 
a Pup para 

Family Itippoboscidae Blood sucking ectoparasites of birds and mammals 
with tough leathery bodies more or less developed wings and indistinctly 
segmented abdomens The larvae are completely developed at birth (A 
few species are veeto s of disease eg Ue/e^kagiu cwnoj the sheep tick or 
ked conveys sheep trypanosomiasis and LyncMa maura is the definitive host 
of Uaemaproltut calumbat of pigeons None are known to convey human 
infection ) 

0 Myodana V. itheut these characters 

Acalyptetate myodana have no scales coveting the halteres 
Osamdae (Chloropidae) the eye flies 

(Also includes the cheese fly Piaph l» cast% and other small flies ch efly 
of Bunei medical interest ) 

Calypterate Mjodana have large scales (squamae) covetug and concealing 
tbehalteres (Includes a very targe number of spec s many of great medical 
importance ) 

I Oestridae (Bot flies) Mouth opening small mouth parts rudimentary 
s Saicopbag dae (Tle^ fl es) hloutb parts normal adapted for sucking 
Arista of antennae plumose on prosmal half only Hypopleural bristles 
present 

$ Muscidae (Large family) Mouth parts adapted for sucking or biting 
Arista of anten ae plumose to the tip 

Tabanidae 

Th s f m ly includes the deer flies horseflies gadflies breeae flies or green headed 
flies It IS one of Che most n merous lumibes of the Diptera — there being nearly rjoo 
species The females are mostly blood suckers the males live on flowers and plant 
juices The e}es are usually la ge very bnUiant in color and in the male make up 
the greater part of the bead 

They bel ng to the suborder Oithorrhapha and in the group of short antennae flies 
(Brachyceia) The w mgs are Urge and enci cled by the costal v ein The third lo gi 
tudinal vem is forked The fouilb kragUndinal ve breaks up three times thus enclos- 
ing the disc 1 cell F ve posterior c Os are always prese t The squ mae are la ge 
The antenna consistofth rescgments the third of which is compound Noarista 
The mouth parts are complete in the female The epipharynx is tube bke the hypo 
pharynx has a g no e and both r awl shaped The paired maxillae are serrated and 
the ma d ble I cet bke They ha e ratlier coa se mauU ry palps ThelabeUae 
re p omment at the e tremity of the fleshy I bium I the male the mandibles are 
atroph ed The Tabanidae are thick set fl es and rarely show c lor The body of the 
larva has eleven segments and a small but distmct head The eggs are depos t d in 
masses on the tc esor st ms of pl nts about m tshy pUces The Urvais ca mvorous 
Of the urn to s genera of Tab idae the jn le impoiUnt are 

Tabanus. — No ccelU No spurs at t ps of hmd tibiae The Ust (third) antennal 
segme t is composed of five p rts and shows a crescentic notch Uingsclearorsmoky 
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3 . Series t Nemitocera Midge like insects with long msnvjoioled (S lo j6) 
antennae and usually long slender palpi o! one to <i\e segments Anal cell eot 
narrowed toward the wing margin 

a Marginal ^eln not continued beyond the tip of the ning 

t SiTnuhidae (DuSalo gnats blach flies) Antennae shorter than the 
thorax, with ti Mt,m«nts not plumose W mgs broad without sealesot 
hairs 

* Chironomidae (Midpes) Antennae longer than the Iboraa bushy wili 
14 segments Wings narrower median vein forked Wings hear setae 
no scales 

0 Marginal vein extends entirely around the wing Second and fourth longi 
tudinal veins forked 
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Fin 367 ~-V.i!vg V nat 00 o( D ptefa A First postenor cell B disc I c 11 * m d 
c OSS ve n u auxiliary v m C raargmal cell V subma g nal cell 


3 Tsychodidae (Moth midges sandflies) Wings and bodr thickly covered 

With coarse hairs Wngs ovate or pointed , 

4 Culicidae (Mosquitoes) Withoulthesecharscters ^ mgs with rounded 

tips rosterior margin and veins ol wings fringed with sca'es Mouth 
parts long slender adapted lor biUng , 

fp Series a Brachyceta The aatennae are short composed of only two or three 
Simple luirts withocwuhoutastyleoransu The palps are nearly aiwaysinort 
and never mote than two jointed Anal cell closed or narrowed toward the 
margin of the wing 

Tabaiidie (Iforse Hies) Third joint of antennae eomple* Costal vein »or 
rounds the wing 
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^tanv species of tabanids ma\ act as mecbamcal conveyors of infection 
although the organisms do not develc^ or multiply in the fl> This has 
been proved in the rase of anthrax e g and is of practical importance 
numerous trypanosome uuections uiduding T cvansi T bnun T tgui 
niim and T eqmperdim U is essenuat that the first feeding of the fly 



on an infected animal be interrupted and that the fl> bite a second a&imal 
within about ten minutts 

C/ir>je?J ducohs the western deer fly was shown by Francis and 
Mayne (iQit) to convey PcittuuttA (ufarenru tin this way) both to man 
and animats though the fly may tenum infective for at least two weeks 
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The eye fl e* which belong to Uie acatypteme Myodiru »te sm»tt hairless flies 
•boiitimm I ng They usually oeoit in swais and cause anno>anceb> flyinginto 
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not spottsd do not overlap A tuge genus (aver looo species) world wide la dis- 
tribution chiefly large powerful fliers nlucli bite viciously both mao sad simaals 
T ilaucopts IS the intermedule host of Ttyp^nouma Iketlcrt, a non pathogenic parasite 
of cattle (Europe) Tabanids are suspected of being the > ector of Lttskmama in the 
forested regions of southern Brazil and Fac^ay 

Haematopota — There is no crescentic antennal notch and the third antennal sej 
meat u composed of four parts Iti wings overlap and show sent! tike markings 
The abdomen is narrower than in Tabanus No ocelli Common jn Africa and the 
Onect The bnmp one of the Uaeinatopota bites man severely 



Pangonius is characterued by a very long slender and more or less honronta 
proboscis The antennae are small The third segment is composed of 7 of 8 pacts 


Wings Clear or srooicy j v . 

Chrysops has three ocelli The antrniue art especially long and slend r andMve 
three segments the last one of which u composed of five parts The wings are wide v 
separated and have a dark band abn^ the antenor marg n and a broad dark cross bano 
one third removed from the tip They inflict painful bites There are many 
dislnbated throughout the world 6 dmidial^ and C serve as mtennedia t 

hosts olLoo loa (tropical Africa) 
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The larval tu$e kata 7 te 10 dajs and then the krva shrinks but temams sut 
rounded by its old skin termed put>annia which forms the covering for the barrel 
shaped pupal stage This Usts about 3 days when the adult fly emerges This is 
termed a coatcUte pupa This fly u incapable of biting the piercing organs being 
fused with the kbmm but may transmit di ease directly carrying infectious material 
from the source asfaeces to the food about to be ingested Their rdle m typhoid fever 
la on of importance By reason of its hairy sticky legs habits of frequent defecation 
and uinstant regurgitation of the contents of the oesophagus the housefly is an mpor 
tant agent in the spread of dysentery cholera infantile diarrhoeas and tropical ophthal 
mias as well as typhoid 

Auchmeromyia Luteola — It is found throughout tropical Africa south 
of the Sahara Desert Distribution coincides with that of the negro and 
the Bantu races It does not occur in countries inhabited by Arabs and 
Berbers 

The krva of this African fly the Congo floor maggot is a blood-sucker The 
Utva IS about two thirds of an inch long and has a duty white thick leathery wrinkled 
skin otherwise resembhng that of If demeilica The adult fly resembles the blow fly 
but IS yellowish brown. The fly deposits her eggs by preference m dry dust in cracks 
m the floor of the native huts The brvae batch in a few days and seek blood withm 
a few hours crawhng out at mgbt to feed on the sleeping natives They are said to 
lutvtve tot a month without food Tbists the only known instance of a blood siekmg 
krva which attacks man (Other species of blood sucking larvae infest the nests of 
birds and the burrows of certain mainmab ) Its aiucks may be avoided at night by 
sleeping on cels a tew inches above the floor 

CaUiphora vooutotia (with t black bucca and ceddi h b ard) and C trylkro ipholt 
(with a brownish bucca and a black beard) ate the common blow flits or blue bottle flies 
They are krge bloated flies about one hall inch long with red eyes and ate bluish with 
a slight metallie lustre The cheeks are baity They normally deposit ova on e posed 
food or decaying animal or vegetable matter of any km 1 and on open w ounds or ulcers 
of animals and oecasioosUy of mao 

lucika caesar the common green bottle fly is a mallet fly of thiny met lUc green 
Color with a bluish tinge The ^teka ate bare Its habits are like those ol CMiphara 
If food contaminated wi b Urvae of these flies is eaieo they may continue developing 
m the intestine and cau more or less marked disturbances (intestinal myiasis) In 
wounds or ulcers these flies prefer necrotic disintegrating tissue but if this is not ade 
quite they may invade and destroy hving tissues L ser cslu (distinguished by its 
yellow palpi) is more actively para itic frequently attacking sheep on which it inflicts 
serious and even (at 1 injury It may also attack man and many cases have been 
observed in China The larvae ol both species (and also ol fko » m re; na the wool 
maggot or bkek blow fly) have been used exteosi ely in the treatment of osteomyeblis 
(Ba r 1931) although all are capable of uijuncg healthy li sue Stewart ( 934) 
baspatlicularly shown that the species IwfJ o lefKor whichhaswidelybeenused sa 
surgical maggot since it was supposed to be eaclusively sap ophagous w 11 attack and 
invade healthy 1 ving tissue 

Cordylohii aathropophaga (Or* *»>i» ««* apepkat ) the Tumbu fly or African 
Skin Maggot — This is an African fly wb sekrvaed vrlop under the skin of man and 
animals It is know a as the Ver du Cayor The ova ate depos ted in dry sand occa 
sionally on clothing not directly on the skw After 3 or 4 da)-s the krva emerges 
nd by means of Us mouth hooks attaches itself (within 7 to 14 days) to the skin of the 
fir*i a imal with which it comes in contact most oltcn a rat or a puppy or quite fre 
quenlly a ch Id It then (painlessly) bores its way into the skin and produces a lesion 
bke a boil which h sate tral opening through whicl the krva breathes. Itresemhles 
the Vet Macaque is rather batrcUslapcd nod beset with small spines At roaluntv 
(i> to 14 days) when it is about half an inch long it leaves the body and pupates in 
the soil. Repealed Infections result in an Immunity (largely local 10 the skin) which 
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the eyes or ears or crawling over open wounds or ulcers to lap up secretions Tlieir 
habits are similar to those of the house fly including that of regurgitatin the contents 
of the oesophageal diverticulum white feeding ( vomit drop ) IlipfelaUi pusio 
(uT Califomu and elsew here) has been shown to spread pink eye and other infectious 
forms of conjunctivitis in this way Krumm aod Turner (1936) m Jamaica hate 
demonstrated that /f pulltpes after feeding on open jaus ulcers contains many motile 
spirochaeies la the oesophagus for several hours and they have produced yaws lesions 
m rabbits by allowing infected flies to feed on open skm wounds 

Muscoidea 

Under this heading we nia> group the Muscidae, Sarcophagidae and 
Oestndae which arc ca/^-ptenite Schizophora 


Muscidae 

In the Mustidae the antennae ban^ down in front ol the head in ibrre 
segments and have an arista plumose to the tip on one or both sides The 
first posterior cell is narrowed due to bending up 0/ 4th vein There are 
no bristles on abdomen except at tip 

Adult Muscjd Flies That Do Not Suck Blood —In a majority of the 
Muscidae the proboscis ts relatively short and stout with flesbj Ubella 
and is adapted to licking or rasping but not (0 bitmg (The maxillae and 
mandibles are atrophied, even in the biters) The«e fiies are important 
medically because as a result of their filthy habits of eating andbreeding 
they often convey infection mechanically and because the larvae of some 
of them cause mynasts The rnore important genera are given in the 
following key 


Hypopleutal bristler absent 

Sixth vein short fourth vein straight Foams 

Sixth vein longer fourth vein angled at the distal cud Color opaque gttyvsh 
black 

Hypopleural bristles present 
Color greenish or bluish black 
Basal section of first vem oliated 

Face yellow one posthumeral bristle (CAryiomyio) CecfiiomyH 

Face bUck with black bam two posthumeral bristles Prothonicic spiracle 
light orange Fiormia 

Basal section of firat vein bare 

Upper surface of lower squamae bare ,r 1' ** 

Upper surface of lower squamae pilose Callipnar^ 

Color yellowish or reddish non metallic j » i 

Eyes of male approximated Ftve or more ranges of setae on orbit CorayJflsia 
^ Eves widely separated One seta on each orbit Andimtfotajia 

Musca Domeshca —The compion housefly ifuieo damtshca is the best example ol 


this family , , 

Tie ansta JS feathered both dorsally aod ventral)/ with straight hairs * 
longitudinal vein bends forward lO a rather sharp angle as compared with Stemoxys toe 
first posterior cel) of the Utter having rather a fusiform appearance The eyes ire close 
together in the male far apart in the female In contrast to the other flies in this group 
Jf HSC4 has no large bristle on the inner surface of tibia of the middle legs Tbe lemaie 

lavsaboutisseggsinaheap prefenUyinferffientuighorsemanure TbeUrvawmes 

out in about tbirty-sii hours Very characteristic are the stigmata decorating the blunt 
posterior ends (See Figs 370 and 375 p 1518 > 
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WohlfahrtamigmficabAComjnoB cause of cnlanwosioy>asisin the old woiM Its 
habits are like those of Cnhliomyia atntncaua H w^rl is an Amencan species nhich 
may be parasitic The larvae are deposited about the eyes or on the sUm and in young 
children at least way penetrate the normal akin Several ases have been reported 
in North America 



Pio 3;i —Cam a lu d df » n* show n* nfl in» t ry tea i on about sect 0 ot 
P nn (Ob cyan ventnt Magnfieatoa Z ssCompensati gOcula 6 Obj eti DD 
(A U miltenJt Uafv dAinat n Eiped tion) 

Oestndae 

The flies of this family are called «aiUe or bot flies They ate Urge flies which 
superfiaally rrseiable bees Tbe mouth parts ate vestigial Thev have a targe head 
with a somenbat bloat d looking loner portion They are often rather hairy The 
1 rvae nhich develop from the eggs arc paras tic in the lotesunal tract nasal cavit es 
or subcutaneous tissues 

Qennatobia horsunis (D tyan vtnl u) is a Urge thick-set flv about 15 mm long 
viith prominent headand eyes small antennae anda marked oatroningal the yunction 
of the thorax and abdomen The Iboralis greyah and the abdomen metallic blue 
The species IS wide spread m tropical Amenea living in dami forrsted regions When 
ready to oviposit the flies ciplure large Paorsgkera mo^uitoes as they emerge from the 
pupa (and occasionally other bit og ot non tuiing D pten or e ca ticks) and deposit 
■ S to IS eggs on the ential sld of the abdomen gluing them to it in such a position 
(hat (he point of emergence of (he larva is directed aw ay from the mosi^uito When 
the mosquKo bites either man or other animab the warmth of the body stimulates the 
emergence of tie larva This burrows Ihrough the puncture wound 1 to the sob 
cutaneous tissue by means of its powerful month books Here it develops into a club 
ot flast-sKsped struct utt (ker Macaque) Uur beconans more cylindri^ (then called 
torcel m Xenexuela and beree wBraan U is girdled by several rows of spines. 
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prevents the development of the Urva in the skm and is often assoaated with loa! 
anaphylactic phenomena 

Cochliomyia amencana (C Aammivorax) (Chrysomyta americana) was shown by 
Cushing and Patton (19J3) to be the imago of the parasitic screw worm inAmencs 
The adults resemble L«ei/»s but are somewhat larger and are distinguishable from them 
by the presence of black stripes on the thorax The eggs which number sso or more 
are deposited in or about the nose or ears or m open wounds of animals or man The 
larvae have u segments and are encircled by narrow tings of minute spines which 
give them some resemblance to a screw They barrow deeply into the tissues causing 
extensive foul necrotic ulcerations and may penetrate into the nasal sinuses In 1935 
it was estimated that there were over 100 human cases in the southern Umted States 
In a senes of cases compiled by Aubeitin and Buxton the mortality was 8 per cent 
The larvae mature after about 8 to 10 days altaming a length of about 12 mm They 
then leave the body and burrow mto loose soil to pupate C mMeJlaru with which 
the precedmg species has been contused is pnmanly siprophagous hke CaHtphora 
and much less dangerous It is distinguished chiefly by the character of the floor of 
the pharynx which is ridged longitudinally whereas in the parasitic species this is 
smooth The larvae of the Utter have Urget spiracles and larger thicker tracheal 
tubes These flies are common in the warmer parts of both North and South America 
A related species with simiUr parasitic habits Chtysomyta be tana is common in Aua 
and Africa and often causes human infection in India (For treatment see p 1514 ) 

Blood-suckiag Muscid Flies — Sitfutoxys, Bamaioha and Glosnnn 
have a more or less elongated proboscis adapted for biting Stomoxy 
has delicate palpi shorter than the proboscis, and arista feathered only 
on the dorsal side with straight hairs Sotmalobia has dub like palpi 
about as long as proboscis and arista with hairs dorsally and ventrally 
Ghsstna has thick set but not clubbed palpi as long as the proboscis for 
which they serve as a sheath The arista is feathered on the dorsal side 
with branching hairs 

Stomoxys calcitrans, the stable fly has been described in Chapter III 
African Trypanosomiasis (Fig 38) Stomoxys may convey trypano 
some (and other) infections mechanically liLe the Tabanidae This has 
been proved for T aamt and experimentally for T brucet, T gambienst 
T rhodestense and several others The old view that it transmits 
poliomyelitis has been discredited 

Glossina, the Tsetse Flies — ^This genus is limited to tropical Africa 
and includes about 20 speaes Its descnption and importance has also 
been discussed in Chapter III 

Sarco^ugiiUe 

These fleshflies aredistinguishaWcbythean tawbithisplumosetothemidpomt 

and bare at the tip They are usually thick set moderately large flies dull colored 
with grey longitudinal stnpes on the thorax The abdomen is grey checkered (m 
Sarcophaga) or spotted (m lloW/aSrtia) with black They are viviparous Most 
soecies deposit larvae on decaying flesh or vegetable material but a few are parasitic in 
skin wounds or m the nasal or other Cavities Fatal cases have been reported Tie 
larvae have powerful curved mouth hooks a girdle of spines on each abdominal seg 
ment and stigmal plates set in a deep cavity each with three parallel vertical shts 
The numerous species are dilEcult to identify 

Sarcophaga baemorrhoidahs u a widely d stnbuted sp cies which may give nse to 
intestmal myiasis Cases have been reported m the United States 5 car«ona prefers 
to deposit larvae in the vagina when accessible 
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of 5-10 per cent cbloroform in a light vegetable oil is often very effective 
when applied for 30 rainutes Such treatment ser\ es to cause the maggots 
to release their hold and they may then be easily removed following which 
antiseptic washes should be used to prevent the lesions from becoming 
infected with bacteria 

Laiie ( 939) has shown that the hydrogen wn concentration of wounds resulting 
from the larvae of screw \ orms » of some importance in the selection of chemical 
reagents as repelbnts and for treatment His stud es show that a high alkahmty of a 
wound renders it particularly attractive to the flies and that a certain degree of acidity 



IS advisable for the healing of postmyiot c wou ds He therefore suggests in cases 
where the beaUng of the wound is slow to aad ty the wound either by local or 1 ternal 
ned cation 

The larvae of many other species may secondarily infect necrotic t ssue in open 
rounds or ulcers and ccasionaUy t vsde f esbiissae Among the more impo tant are 
ekliffinyia moiella la Vuiea iffmesi ta and species of CoHiyiiwo Lac 1 3 Fho m 
apkaia a d Points 

Infestmal Myuses 

le tropics and more rarely in temperate climates vague digestiv e 
es or violent abdoimnal cramps with diarrhoea and vomiting 
ught about bv dipterous larvae m the intestinal canal The 
ay be those of a dysentery and may be attended bv fever 
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As the larva grows a Itimor liTie sweUiAg develops wth a central ottfice tawird whdi 
the posterior (pointed) extrenuty of Ihe tsrva proje^s and through which it Ukes sir 
into Its spiracles Ait^r 7 to *5 weeks the larva leaves the tissues sstf burrows into 
moist soil to pupate Harrell and Itloesley (1947) point cot that the hr\ae may il 
tunes burrow deeply and into vital tissues For successful treatment they mist be 
caitJuBy reraoved Tbe fubctrtaneous mjectton ot procaine hydrechlonde aBesthetaei 
the parasite and renders complete suigical exaston less difficult and painless 

HypodermaliQVts andH Uaeata the common warble flies of cattle andC iImm 
the European deer hot By deposit their ova on tfcc fairs of the Itgs and abdomen Tbe 
larvae after emerging }i<netraie theakmand nrugrateslowly through the tissues reach 
mg the skm of ihe back after about sia months Here they cause bod hie sirelhnp 
( warbles ) from whith the fully developed larvae &»liy emerge Theyoccsswoiyy 
infect man In //y^oierma the arista ts bare while >a ih upper boideris 

plumose CasItmphtlKt Msalti tftiG hatmorrhaidaJis hot flits of horses haveasicuisr 
Ilf* cycle 

The commoD borse hot C tnUsitnaitt (cfui) lays its eggs on (he ham of the lore 
parts of the horse where they rncuhate for r-a weeks 'When trpe the warmth sad 
moisture of the horses tongue when licking Causes them to hatch and the Urv» sdlieits 

to the longue In the mouth they excavate totineh under the mucous toeinfitane and 

tajgrate to the atooaci Here they are often found in large coloaies and Jne uold 
mature and ready to pupate They then let go their hold on the awcous menabrabt 
and are passed in the droppings 

G hatmorritoid&tis strikes sC the tips and now of the ewmals to fay it* egs* 
the early spring the siaJure larvae leave the stomach and finish thew devtlopmeet a 
the rectum neat the anus A few of these hot* apparently do little dstuage hot when 
numerous they cau e gastto intestmal disturbances in the horse By the sdiwnistra 
tion 0! carbon disulphide in gelatin capsules 1 $ drams per 450 lbs ol horse the para 
sites may be elumnated 

O latestioalis is the form most (ie<|ueRtly found in mao A number of 
human mfeetion have been reported Man appears to be an unsuitable hast vVaen 
the lanae reach lie skin they lend to migrate aimlessly and give Rse to a eteepiat 
eruption similar to that caused by the larvae ol the dog hook worm Seep tS>* 

Cutaoeous Myiases 

Ver Macaque — -The best known of these nt>iases is that dub to 
larva of a botfl> Permaioha homtms (see above) 

The natives ol most of the countries where fie infection is found have called the 
larvae mosquito worans or gosano de tancudo The cutaneous saelling soiae 
what rcseoible* 3 Wind bod end may bear large as a pigeon * egff 

These botfly bods tend to break down and discharge a seto purulent fluid and tt 
supposed that the larv^i when mature escapes as a result of the disintegration of tlie 
tumor . 

In Branl they make tobacco >u«cc apphcatioas wfcich cause the larva to proltuo 
and then squeese it ocit The injection of a httle chlorofotm mto the lana with « 
hypodermic syringe praortoitsextractionwitfiaforcgM jnjics the process less painfu 
Ver dtt Cayor— These maggots wbich are tbe larvae of the Cerdihiis onthM 
pophaia are widespread m Africa They penetrate the skin especially of very youog 
children who are not k*pt clean The lesion rather resembles » bod 

The Screw-woran — This is the larva of CricAfniniMa amertcana (see 
page 151^) deposited tn wounds or orifices ha viDgoffensif* 

discharge*? The larvae penetrate into adjacent tissues and cause frightiu 
destruction of all soft parts Thisjnfcctioniscspeciallj commonin tropica 
and subtropical America and is important both in animals and man 
Treatment — Th« larvae should be removed as speedily as possible 
since they may do xi great deaf 01 damage in a short time Applications 
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Ocular Myiases 

The maggot of OesI i« <n j a species of bot fly known as the sheep head mag ot 
sometimes invades the human eye This speoes normally bys its eggs in the nostrils 
of sheep in wh ch place the ma gots butiow into the frontal sinuses In Algeria it 
lays its eggs at times while flying without alightm upon the eyes nostrils and lids of 
shepherds Infestation of the eye I ds is also common in many parts of South America 
In Palestme reports have been made that the larvae frequently enter the eyeball 
Another oestnd fly which attacks the eye of man is Rh aesi s purpu eus a bot fly 
of the horse so called on account of its puiphsh color It is found m Central Europe 
and in Afnca as well as in Russia and Siberia Pottchinsky reports that Siberian 
peasants are not infrequently attacked by this fly which rapidly darts toward the eye 
and deposits its young in that organ The yonng maggots cause severe pam so that 
the lids cannot be opened Their removal is affected by dropping cocaine into the eye 
and then extracting them with pincers or by washing Other eye flies have been 
discussed under Ore mdae p 1509 

Urinary my as s of both urethra and bbdder has occasionally been reported 
Usually the lesser house fly Fa a tanicutaru and the closely rebted btnne fly 
F scalarts have been encountered the mfection haviog probably occurred from eggs 
laid near the external opening of the urethra and the brvae working their way into the 
urethra and even entering the bladder In one case mported by Patton of the larvae 
of Psythoda he thought the larvae burrowed through from the rectum to the bbdder 
Id one ease reported by Chandler (194 ) LutJia teriaaia may have been the cause of 
the \es cal d sturbanee 


DiTERinsATiON or Dirmoos Lasvaz 

There are certain points in the anatomy of d pterous brvae which must be con 
tidered in determination of the genus or family of the flies concerned in the various 
myiases The broad exiremiiy is the posterior one and the Upermg one the anterior 
The dark hook like processes wh ch may be in pairs or fus d project from the anterior 
or head end and above them is a pair of projecting papilbe The second segment from 
the head has on either side project g hand ot fan like structures with varying numberi 
of termmal divisio s 4 to 40 or more These are the anterior spiracles 

The Urge termmal segment has on its posterior surface two chitinited pi tea with 
3 slits of various architecture in each These are the posterior stigmal pbtes and are 
the structures to which we pay paiticnUr attention in identification In the early larval 
stages there is only one slit m the second stage (here are tw o It is only in the fully 
de eloped brval stage that we note the cbancteiistic j sht stigmal pbtes The pres 
ence or absence of a rounded protuberance or button at the base of each st gmal plate 

sh uld be looked (or Tbeareacarryingibestigniaipbtes may be sunken to formapit 
Key to THE Lasvae Cahslnc Myiases — T uiui Instai 
{Adapt d from Banks ajttr Fax) 

1 Body with spinous or fleshy processes bterally and dorsaUy or terminal 2 

Body without spmoua or fleshy processes ^ 

2 Body flattened with long lateral and dorsal spinous processes 

foniiia {nomalomyta) 

Body w th long tail like p cess £ , 

Body end g i two small fleshy ptoces es beanng the stigmal plates rather small 
species body about j mm 1 ng £ esopMa 

Same b dy about 10 mm long Ptepk la 

3 Body robu t 0 ate cylindrical rounded at ends sbghlly depressed or body 

pynform Oestndae 4 

Bodytruncate broadlyrouDdedatoneendandt penngat the other (head) end 6 

4 Larva fl sk shaped heavily spined posten r spiracle has three distmct sbts 

. ^ t t , , DermatoUa 

Lar a grub like heavily spined , 

5 Three s nuous spiricular openings Gasteroph lus 

Stigmal plate solid with many fine openi gs (rattan distinct In depress on m the 

njpodorma 
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The lajvae usualJy obtain access totheabmenUty tract on food especially if 
nhich has been eaposed to flies It »s posable for flies to deposit eggs , 

skin about the anus while the indivrdual is at stool or otherwise ex^ed 
If the skrn is smled The hTvac nu> then crawl into the recluBi the vagsw or wa 
the urethra Many species have been reported Among the 

MK.c«fjr.r F scalar,, Vusca iontsttca Sarcapkaga (the wn b.Mg st^ 

fly) ErtJlofiJ Apiachailo icotaw and Pw^W^we* the cheese sapper 

are passed eventually in the stools or vomrtus Before mabng the ^gn^ » «« 
saiy to exclude the possibiUty that larvae which may be found ui the stool ba 
deposited on it subsequent to Jls passage mtes 

Much discussion has occurred recently in Kgard to the occurrence o n ^ 
tmjl B>'»ias Som< doalii tlat »l rt. »««»«. .paa* ol 
human faeces that are ingested sUy m the ahmentary stei^ h' 

or much less multiply m the human intestine However the peases 

th» v,..^ lot th,t« .«pW ‘X'rtL ,.T.p T?S^ 

of digestive and intestinal symptoms caused by them in man discussed w> 

that is a true parasite of the alimentary canal tn „ jhey 

Lebt^ause nausea and abdominal discomfort bf tbeit mooomenW 


Fm J”-'-*";, iJoJfii ilS'rwrt”'p°”^^ 

'./.‘liiTrella-cSS “'Sc *“ “ 

Gilbert (.5M) desctibed a human case S'* 
that tad eateitded over many yean ‘ ,a „ .‘k, of aevtie abdominal 
and SacMf »«<« tcete tonnd at ,o a ol mbet of diet teem at time* 

dwlffta and intettinal taemorrhates i* i,ed one to txpeet that d 

to have compatatively poeeafal resistaoee thtoush the stomach into the 

acetdentally eaatloived they mi«ht £^“, 0, , mmbet of speeiel to dots 

intestine ^evertlleless Causey (iSjM «bo 'ed la>vrt o 
and eats found that the paiasites «e.e or i«moO «« 

1 hour, and never passed tbremgh the •'“"‘fW jj „,„„a„d with low hydra 

« »p''i <«“«' 

M-bile the larva n! Cotliii.erya amerrranejhe rae» Stop 

of thlse mth otortboe. Tta toSa” »> '*'™ T 

symptoms ate rnteose eat ache Pddmess and i^ib y 

to perforate the tympanic membraue r .^^IfiTliMaeofCAojnmjuie “•”* 

rih;r.n\rde"t 

S^sa&ir-m » ».» .r the u.. .. .lu h,». 

infection 
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ttreams or water (alls These breed ne babies explain the patchy distnl ution of 
the flies 

S muliu 1 djmnosu n and 5 ne e« serve as the intermediate hosts of Onchuctrca 
tofiufuj in tropical Africa In Central Amenca the known vectors are £«sim»fi«m 
metaHuum {ariium) E acAraceumandf uBiJum (,moase ») 

Chironomidae (Midges) —These are minnte Bies ranging from a length of i or J mm 
down to almost tmcroseopi dimensions The wings are narrow shorter than the abdo 
men often spotted with the first two longitudinal ve ns heavy the others indistinct 
They beat hairs but no scales The antennae are relatively long and have i j joints 
The proboscis is short hf oslof the species test with the fore legs elevated The great 
majonty of the species are harml ss The blood sucking species belong to the family 
Ceratopogoninae and most of them to the ge us Cuf aidts These flies usually appear 
in dense an arms and cause troublesome irritation and itchingby the r bites 



Cuf CQ i s t okom and C anrkn art the mUrmediate hosts of the fllanal worm 
Acanfkorkei/0ri<ma ymloni in Dnt shCam oons O 1y the females bite andtheybite 
only in darkness C/ eiu was shown by Buckley (igjj) to be the intermediate host 
of i((»irii>ir//a 0 a Jt in St Vincent Thsfly whch u a troublesome biter is found 
in the coastal region from Flori fa lo Btaxil 

Townsend has advan ed evidence that related m dges Fercifamynula andF /mrn 
t njt are vectors of dermal leishmanusis ( uta ) in western Peru 

Psychodidae (Moth Midges) — Tbese are small slender flies with very long legs 
The body and wmgs are covered with 1 ng hairs The wings show nine longitudinal 
t ns which reach the ma gin and cross veins only near the base The antennae are 
I ng and hairy and con 1st of la to 16 joints The palpi base 4 joints Themajotity 
of those 11 es have a short probi scis not adapted to bit ng (the Psychodinae) A teb 
lively small group the sand fl es (rblebotonunae genus TUrMomui) ate b ters They 
have a long proboscis as long as the bead Mdisouthpartslikeamosquito Tbepalpi 
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6 But OQe great hook posteriorsiigmatpIatesD shapedwithniadingslits nodistiact 

lateral fusiform areas tip of body with few if any conical processes Musca domesiica 
One hook stigmal plates irregularly rounded with winding slits Shmotys 

With two great hooks slits in the stigmal plates not sinuous 7 

7 No tubercles about anal area no distinct processes around stigmal held i 

Distinct tubercles above anal area often process around stigmal field lateral 
fusiform areas usually distinct 9 

8 Stigmal plates on black tubercles lateral fu iform areas distinct Ortalidae 

Stigmal plates barely if at all elevated lateral fusiform area indistinct stigmal 
plates often contmguous or nearly so shts long and subparallel Trypetidae 

9 Slits in stigmal plates rather short and arranged radiately 10 

Silts slender and subparallel to each other 11 

10 Two tubercles above anal area stigmal field with distinct fleshy tubercles around 

It Anthomyiidae (except faenw) 

Tour or more tubercles above anal area shts of stigmal plates usually pointed at 
one end bent surrounded by dense chitinous tmg J/uiona 

11 Stigmal plates at bottom of a pit no button sUts subparalle! to those m opposite 

plate Sarcophagidae 

Stigmal plates not in a pit H 

i» Chilin ring open roesiQ venlrally no button Cochhomyia Chrysemyia rkernm 
Chitm ring closed Button present Ltictliti CtlUpkora 



Simuludae (Buffalo Gnats BlacIcFbes) — These are small flies from i to 6 mm long 

The body IS stout and the thoraa is bumped The wings are broad with conspici^s 

anterior veins The legs are short and the proboscis is short and inconspicuous The 
antennae have eleven joints and are shorter than the head Many species have been 
descnbed These flies are abundant throughout the world The females (only) are 
VICIOUS biters (by day light) They may occur in swarms so dense as to make lofe^ed 
districts almost uninhabitable and to cause senous destruction of live stock Toe 
larvae which are very characteristic (Figs 3 m and 376) require abundant oxygen 
They are commonly found attached to slightly submerged rocks or vegetation m clear 
flowmg streams the American species noted below occur m swiftly flowmg mountain 
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In South Africa Murraj (1939) has louBd creeping eruptions of sand 
worm as it is called \er> common m Natal and Zululand He has 
found that in these regions the bartons ate produced by a mite possibly 
related to Tttrsnychiis maUsttssmus which he reports js found in the 
Argentine and Uruguay where it attacks both man and animals The 
cracks in the skin are about o a mm in diameter The mite and some 
times Its eggs are usually easily demcmstrable at the end of the burrow 
Another important cause of creeping eruption u the iartal form of 
Ancyhsiema bra i/ieiue which is found in both cats and dogs of North 
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and South America Creeping eruption is apparently only caused by 
the third stage larvae of the above hookworm positive results not obtain 
ing from eepenments tviih 1 caitirtufH the common hookworm of dogs 
Kirby Smith holds chat other ancylostome larvae may produce ground 
Itch but not creeping eruption (Seep laWforamoredelaileddiscussion 
of this form ) 

Saudgroand (1039) destnles ■ peramal npcnttice of 33 dji-j of irntition often 
infuruUng «luch foliowed Ike spilling on iIm tos«ro( infected br\ae of A ira ifienie 
and of a Sf a"[}l td 1 S[>octei boih obuuied front the tuces of tke cat Tbcre ntte 
mtttcunions followed by the reappunnn of >rin|>tomi A piece of sVm was cut 
Thtepidtra^al tunnels were empty but she iarv^wu found coiled la theconun t $ mns 
Uaa the turfsce 

rualxiCTil— Bayley (154O recommends for trentment of Ihe lortn due to fly laivie 
that the skin be £nt thoroughly dntd and ctenaed w th alcohol Cedar «-»od ed is 
then u«d to cleat Use stsn of the affect d am »bitli » Uirn taammed with a H wch 
obieetive ol a distecung oucroscape orwubspsodtiandleas. Tbetodsof Ihebuiroir 
tnustbetarcfaUymsuacd asit ubeietlaltbeff/ larva may eatUy be found whmSt 
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are longer than the head The antennae have i6 constricted joints They ire furthet 
characterised by the wing venation the second longitudinal vein bifurcates at a eon 
siderable distance from the base of the »mg instead of near the base and has three 
distinct branches \\ hen at rest the wings arc raised over the abdomen at an angle of 
45 DiSerentiation of species is diflicvit and depends on slight vaiutions in wiog 
venation length of the palps etc thus the second segment of the palpi inf /o/elef' 
is a little longer than the third in P pttntctosut the segments are equal m length while 
ID P mtnulus the second segment »i only half the length of the third. 

Phlebotomus papatasu is the \ ectot of phlebotomus or pappataci fever This speaes 
IS abundant throughout the Mediterranean region the Balkans and Asia eastward to 
India The flies hide in damp shady places dunng the day The females emerge at 
night to bite man or other animals They fly only short distances and rarely nse tnofe 
than a few feet above the ground A few days after biting they deposit their ova 
(40 to 60) by preference in crevices of damp shaded rocks stone fences or ruined build 
lags or in ca\ es within one or two hundr^ feet of their feeding places Occasionally 
they may bite a aecond time and deposit a second batch of ova but their hte span u 
short 7 to 14 days The life cycle occupies i to 2 months The virus of pappataci 
fever is acquired by biting a patient dunng the first day of the disease The penod of 
iDcubation in the fly is about 8 to 10 days The virus is transmitted to the succeeding 
generation of flies which appear to constitute the reservoir of the infection 

P eerrucarum and f nogucAii ate vectors of Borfoxrffa hac<//)/i>rm(r the cause of 
Oroya Fever and \ernjga Peruviana 10 Peru (Tannsend 1914 Noguchi et al S9J9 
HerUg rpjS) Their distribution so the canyons of the western slope of the Andei 
corresponds closely to that of the disesse 

Sand flies are probably the vectors of letsfimana (See section on Leiihoaniasis ) 
The species mcnmiaited ate For L denotant—P erientifiet in India P inajef vsr 
eimennt and P tergnli m China and P major P serynh and possiWyF 
the Mediterraneanregion (infantifeandcaninemfections) Fotl Irepico^P papsUsii 
andF iergenfi in the Old U odd and probably F •n/rmediuj for i tra ifirweinSoulb 
America These speaes have all been infected by allowing them to bite a paU«t wiu 
the disease and cyclic development of the parasite within the flies has been observed 
Man and animals have in some instances been infected by injections of suspensions 
of infected flies and by rubbing infected flies into the abraded skin but not by simple 
biting Crushing the fly white biting seems to be necessary to convey the infection 
Only in the case of several hamsters have posibve results been obtained by biUng 
expenmenCs with P artenupti and the i>isAm<>ni4 of kala a*ar (Smith llaluer an 


Ahmed 1940) , 

Barara is a disease well recognized in Palestine and has been described by TbeoCot 
as an allergic reaction due to the bites of Phleiotomtis at the height of sensitisation 
Theodor studied the effect of successive bites of FA/rAcfoniii pgpalasii on some 17 inju 
viduals not previously bitten After the first time they were bitten the reaction usua y 
takes several days to develop then intensely itching papules appear After subsequen 
bites the papules appear more rapidly The site of the preceedmg bites may become 
inflamed again _ ■ 

MaePherson (1941) reports that the men of the Australian Forces have sunerea 
severely in North Fslestine The erposed skin becomes covered with hard w eals up to 
t centimetre in diameter these may subside or may be replaced by blisters which U er 
may become infected and in some cases the regional lymph glands may be enlarge 
and tender 

Larva Migrans — Other names for this thread like swelling under the skin are creep 
mg eruption and ayiasis hneam The typical case as occurring w Russia or Sou 
Africa is due to the burrowing of a fly larva under the skin The patient first 
painful spot which changes from day to day as the larva works its way along at e 
rate of about i inch in 24 hours The tract of progress is marked by a dark 
which terminates at an openmg discharging aseto purulent I quid and from which op 
me the farva escapes The fine fades as the larva progresses Tie burrows , 
found even on the face hut more coiumorily on the feet or legs Tie fly larvae chi y 
incriminated are those of Ilypoderme and Gastrophtlus 

It is well recognized that other parasites than fly larvae may give rise to a erw s 
eruption la Gnalhstama rptmterum infectMn there have been reported a numbef 
cases of deamatitis due to tba nematode 
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Mosquitoes 

jrosquifocs (Culicidae) are of the greatest importance medicallj not 
only- from their influence upon health m general bj reason of interference 
with sleep and possibl> from direct transmission of disease but more 
specifically they are the only means by which natural infections occur 
with such diseases as jellow fever malaxia filaria»is and dengue In 
addition a number of diseases of animals are transmitted bj mosquitoes 
D ssecUon of ffie Mosqmto — In eon lectJiqi with the diagnosis of mosquito tiorne 
d eases and their pretention dissection of the mosquito is often important 



The easiest way to secure a mosiu to for d ssecCton ts to use an ordinary test lube 
Slipping the open eod of the test tube over the rest rig mosquito by a slight mo ement 
the insect wi]! Ify toward the bolltun Then quickty insert a cotton pf g ff it u not 
dtsi ed to study the scales the best nay to kill tbe mosquito is by stnki g the tube 
sharply against the (high but if it is also desired to study the scale characteristics it 
IS better to put a drop or so of cbloroform on tbe I wer part of the cotton plug The 
vapor falls io the bottom of the tube and ktUs the mosquito Take tbe movquilo out 
pull oir legs and wings ani then place the bo ly in a d op of salt solution on a slvf 
ft has been recomm nded to smear the surface of the slide m th bile nip ng oS tbe 
excess be/ re commencing the d ssect on ■ i the salt soluti n Then h Id the oterior 
end of the Ibo ax by pressure of a needle With a seen d needle in the other hand 
gently crush (he chili ous connection bet een ibe s xtb and seventh segments of tbe 
abdomen Then holding the thorax in place st addr and ge tly pull away tb bst 
segments If th s is done properly a deb ale gelatinous wh t mass will si wly goat 
out m the salt solution One should be able to secure the alimentary canal as far up 
ts the proienlr cuius which is just anten r to the stomach The malarul xygotes 
de «t pin the stomach Procred ogf ombetotebackw id weha Iheproientriculus 
wh ch IS a sort of muscular ring at the pen ng of the st mach or mid gut and marks 
the separat] n of the stomach from (be oesoihagus Opening 1 to ib lower part 
( the oesophagus are the oesnph geal d serti la o crops which are food reservo n 
Occasionally mad sseition we pullout (bete structures which are three la number 
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stands out clearly as a white, spherical mass Having noted the posiUon of the larue 
lijestinwcieaned/oropcMtionandjfninioisofprocaine i looo is used to desensitize 
an area half an inch in diameter with Use larva m the center and cautery is then applied 
and a small burn produced Each burrow must be eiammed and whenever a Urvs « 
iscoverea the cautery should be appbed ^\hen many of the burrows are conUnunated 
by bacteria sul/anilamide has also beeo employed far its disinfecting effect Vstiilly 
m 3 days the small lesions are heated 


Fic 378-— Cre ping eruption mad Fro 379“Heads etc of mo tju toe* 

die aged woman showing multiple land a male and f mal Cefexfuix; fei 
uninfected rapidly developing lesions «oZus 3and4 male andfemal Anepheiei 
of approt mately two we ks duration 5 and 6 male and female A 4is 
both bmbs being nvplved (After (After Stitt) (From P H Repots) 

K rby S nith Dove and h te ) 

For treatrnent of the (orm due to ancylostoina Ketron has advocated the use o5 
ethyl chloride applied as a spray to the erUerue advancing point of the lesion until the 
tissue IS frozen about one minute a application usually sufficing Frequently a 
application is not required Loewenthal ((939) also has found such treatment valuable 
and rarely proving inefleeiual if jn addjtwn the advancing part of the line and th* 
skm in front of it is treated with oil of chenopodium either pure or in a dilution of r 3 
mcastot oil This IS painted on daily until the larva ceases to progress It is desirable 
to mark the ejtreroe hcut of the burrow by a superficial scratch *0 that one may know 
accurately whether or not the parasite is alive anu progressing 
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ejcfeduigly iigbly re/ractile appearance To emnuie for spororoifes cover the glaods 
protruding fronj the neck with a cover glass and search with one sulh objective lor 
marrow curved bodies m the substance of the glands If they are present try to smear 
out the glands betwe a the covet gUssand slide ly pushing the cover glass along then 
withdrawing the cover glass dry quickly and stain the smear on slide or cover glass 
with 11 right s stain 

The sporozoites are narrow ialcJorm bodies about i}>i in length with a central 
chroreatiD dot 

A matter about which there is dispute is as to whether the salivary glands com 
oiunicate with the alimentary ca al Tbeohald states that there is no connection 
between them 

The chief genera of importance from a medical point of new are 
Anopheles Aedes CuUx&od ^fansonia The dassification of mosquitoes 
and the description of the important speaes coni^rned in the transmission 
of malana (the iuophtles) arc discussed in Chapter I 

ASles and Cvlex are of great interest medically because species of 
these genera transmit fiJanasis dengue and yellow feser Culex mos 
quitocs are the principal vecton. of bird malana 

In contrast to the inoflel t the orduuiry Cnfci has the following cfasnicteristiet 
The Uevae have « siphon and the boiy tests at an angle ef about 45 with the turfsce 
ef the water The nings of the rmego ere s e rule not spotted Jn tie leiaaie tie 
palpi are shorter than the proboskis Inlhereslm p siti n Cu/r alJewstbeabdomei 
todroop so (hat It u parallel to the wall Thea gle iormed by tbeabd’men with head 
and p ol oieis g vei a hunchback appearance (see 1 ig 19 p 36) 

Cities quinguefaselatus (C / r g <■ ) is the most important vector of filamsis (II 
b K ojhi It IS a medium s zed reddish br nn mosquito Legs and proboscis have 
blackish scales the femora are pale br wn at base Abdomen blackish above with 
moderate basal segmental vb (ish bands separated from the lateral spots lAing 
scales are aarroi and bau IiLe wholly da k 

The larvae occur in artidcial receptacles most frequently but are also found tn 
ground potU even fac f om habitations 

This I the common house mosquito of ibe trap cs eaiending in the Amencss to 
about latitude J5 n rib and south ft is act ve at n gbt 

Culex pipieos very iim lat to the pre eding species u the comcoon bouse mosquito 
la temperate regions Itisavecio of filana is in Pgypt China and Japan 

Species of Uansanta are especially concerned m tbe transmission of 
Vierojilaria tnahyt 

For other 5]>cciis transmitting fUanasis see Chapter \LVI where a 
list of those concerned is giyen 

Aedes aegypti {Slegomyia /ascusta S tulopta) is the principal vector 
of yellow fever and dengue and is therefore of extreme medical impor 
tance (see Chapter Will Fig 100) It is small m size blackish brown 
•n color with silver stripes on thorax abdomen and legs The dorsal 
surface of the thorax is matled with two parallel lines with curved silver 
white lines outside (lyye marking) The proboscis is black the tips of 
the palpi white There are silvery scales on clypeus 

These mosquiloes re often caBcd domal cated » a e they are oUerved to breed 
and pass tbe r I ves in the immediate cnvirootnent of man and forth r to be d stinctly 
urban rather than nirit ui theic dt tnLuton Tor their b eedmg place* they choose 
artificul collect ons of water luch os Cisterna bartcb pail bottles cans or empty tire 
casings ia or near dwell ngs 
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Leading from the stomach we have a hind gut which ends m the rectum 
This hasapostenor dilatation or Kctal pouch which usually has three or four rather 
marked anal papillae 

Taking on5,in at the postenor end of the stomach and festooning the hind gut are 
five longitudinal tubes— the hlalpighian tubules These ate characterued by large 
granular cells with a prominent lefractile nucleus They are regarded as the renal 
structures It is in these tubules that the embryo of the Ftlana tmmtiis of the dog 




develops In the female mosquito the parts withdrawn may seem to be largely na 

up of the white oval ovaries These areconnected with the speimathecae in which 

permatozoa are stored after fecundation by the male In the male the testKles a 
quite distmct Next to the examination of the stomach for zygotes which appear a 

watt like excrescences on Its outer surface thcmostjmportant structures are the saliva^ 

glands where the malarial sporozoites are found TTie easiest way to d ssect out 
salivary glands is to press down firmly but gently on the anterior part of the thorax an 
then with the shaft of a second needle pressing on the head to gently draw 
away from the thorax so that by this expression and traction movement y°“ 
them with the head segment Tbey ate very inmute and are to be recognized by tn 
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eicecdingli bighly cefractil« sppunnce Tftnamtne (or sporozoitef cavtt tbe gUnds 
protruding fr«n the »ftl: wth a co>er gisss ami searrb with put sinh objective for 
tnatrow curved bodies m the subsUitce pf Uw ^nds If they ate present try to smear 
out tbegUnds betivten the covet glass ami stade by pushing the cover glass along then 
tvitbdraviing the caver glass dry quickly ar.d staia the smeac on slide or cover glass 
witbWt^htssiam 

The sporoaoites are narrow lalcilorin bodies about tin in leogth with a cealral 
chromatin dot 

A matter about which there >a dispute is c< to ivhether the salivary glands com 
municate with the alimentary tana) Theobald tiates that tbeta u no connection 
between them 

The chief genera of importance from a medical point of view are 
inopMes AtJtt Cidwrand l/anronw The dassificalioa of mosquitoes 
and the description of the important species concerned in the transmission 
of imlaria (the Ampktltt) ate discussed in Chapter I 

ieJes and CtiUx are of great inierest medicaU> because species of 
these genera transmit filariasis dengue and >#J3 dw' fever Culrx mos 
t^uuoea sect the principal vectors of bird maJaria 

tn contrast to the 4n 1 s the ordinary Cul x has the following cbarscuriitin 
the Ucvse have a iiphoD and the body rests at «a angle of about as with the surface 
of the water The v-ings of the letaeo are as a rule n t sixicted In the (emaU the 
paipiareahorterlhan thcproboscis In th rrsung (wisition Cu! a allons the abdomen 
lodroop tothatitis^raiUitoibena)) Theangleformcdbythcabdorsenntllihead 
and ptobnaeis gives a hunchback efipeaiinte (see > 8 tp p 

Cutes quioquefasciatus (C foi (jas) ss tbe m t imporiant vector of filariasis (H 
h n< ) U is a mediura s eddish br vn mosquito Legs and proboscis have 
bladisb scales (be femora are pale b own at bas Abdomen blackish above with 
moderate basal segmental hitis)i bands separated from the lateral spots Wing 
scales ate narrow and hair I k« wh lly da k 

The lanae occur m crtifinat most frequently but are also fuicnd tn 

ground pools even far from habitations 

This IS the common bouse mosquito ( the tropics extending in the Amencas to 
abcpol latitude north and south li $ acuse *l mgbt 

Culespipieas verysimb to tbe pret dmg species istbecomna n house mosquito 
In lemprrate regions ft is a vector of 6Iaita is in I- gypt China and Japan 

Species cl Vansoma are especially concerned in the fransrnrssion of 
MurojUana mclaM 

For other species liansntitling fdanaus sec Chapter \LVI where a 
list of those concerned la given 

Aedes aegypti (Slrgomna /asctalij S cafo^Ki) is the principal vector 
of yellow fever and dengue and «s therefore ol evtteme medical impor 
tance (see Chapter V\III Fig aool It is sroall m size blackish brown 
m color with silver stripes on thorst abdomen and legs The dorsal 
surface of the thorax is marked »«b two parallel lines with curved silver 
white lines outside (lyre tPrarVing) The proboscis »s black the tips of 
the palpi white There are silvery scales on clypeus 

There morqu tors ire often oUtd d moticatM) s acr they trr observed to bre d 
snd pass thtir liv« in the immnlttte envttwiwent of man »nd further to be d stinrUy 
urban rather than u at in Ibe divtnbutwn F r the r breed ng placet they choote 
arti&cul coUcclKias of ii t tueh oi cuUtm barn! pails bottles esat or empty br« 
cauagj 10 or near dwelU&gi 
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A IS a VICIOUS feeder and VMyalert Only the female bites blood appartntly 

being necessary for ovulation It feeds espeoally during the morning and afternoon 
hours — much less commonly at night unless there is a light To become infected nitli 
yellow fev er virus it mast take blood from a yellow fever patient m tie firtt tira ar 
three days of the disease After suclung the Mood of a yellow fe\er patient the mos 
quitoes cannot transmit the disease by biting a person non immune to yellow fever lor a 
period of twelv e days After this time the mosquito remains infective for its life— in 
one instance fifty-seven days 

Aides alba/iiclus (S/tiomyja seuUllans) has a single silvery stripe down the center 
of the thorax It breeds particularly in receptacles about the bouse It is common 
in the onent It has been proven to be a vector of dengue and (eipenmentaHy) oi 
yellow fever 

Recent work has shown that several other species of Aides and related genera may 
convey yellow fever expenmentally and perhaps under natural conditions 


Fii- 383 — CuUx 5««nj f s lus male FiO 3*3 — CmUx i « 

(After Howard ) (F om P H Reporu ) f male (Aft f Howard ) (Fr ffl F « 
Repons ) 

Biraud (1935) and Faust (1940) have listed the mosquitoes other than 
yl^ifes which have served as effiaent eras good incubators 

of yellow fevervirus based on fT/>mm«»tefe5n/c»« (Sec table i opposite 
page ) 

In jungle >ellow fever (see Chapter Will) found in numerous areas 
in South America where 4 is completely absent the 

insect of the disease has not jet been demonstrated although the infection 
has been transmitted from patients by lerfes aegypti to rhesus monkeys 

A leucocelaenus and Haemagogus capncomi and sabethine species 
have been found bj Shannon Whitman and Franco (rpjS) to be nafura y 
infected in Brazilian forests 

In addition the arthropods other than mosquitoes listed in table 2 
(opposite page) hav e been reported to be efficient viechanical transmitters 
onfy(ie through interrupted blood meals) (Biraud i 03 S) 
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Aedes vanegatus pseudesculellarts) resembles A albo 

pictus but fias white bands only at the sides of the abdominal segments 
It IS widelj distributed m the Paafic Islands in which it is the Nector oi 
fiianasis (non periodic strain of II bancrejit) It bites b> day 

A togoiandA chemulpoensis of Japan are effective filarial vectors but 
m /f and d o/6o^:cli« dcaelopment of the parasite is incomplete 

Psorophora — ^Species of this genus have been incriminated as being 
passive carriers of lar\ ae of a botfiy (Dertnalobta ho/ntnts) These larvae 
when the mosquito alights on the sLm of man, emerge from the egg case, 
penetrate the skin and set up a cutaneous m> lasts Seep 1514 Species 
of Aedes (/I oegypii, A alboputus, A /<je«forA>*«cA«f, A soUtctlans A 
texans A eanlalor, d dersahs, A fstgroniactilis, and probably others) 
are biologicallj capable of transmitting the virus of equine encephalo 
mjelius This IS of patucular importance in view of the increase lU 
reported human cases of this disease Human cases have been reported 
especiall> by Merrill and Ten Broeck (193$) Simmons Reynolds and 
Cornell (1936) and Reiser (1938) The definite matter of transmission 
0! the human disease has not >ct been determined 

Urmotaetut — A inuU genuj mainly of Mopical distribution The larvae Ive 
in ground pools and have a superficial resemblance to Aneffieles from the elonsated 
black head and the habit of lying flat in tbe water although the brvae are not surface 
feeders Tlie adults are ornamented «ith hues of metallic blue scales 

Megarhmus —A genus of large sbowy insects of tropical and subtropical diitnbu 
tion Tbe adults do not bite the proboscis being curved and adapted to eatract ho&ey 
from flowers The larvae found m tree boteiandsiinihr locations feed entirely on other 
mosquito larvae The species ol this genus should be classed as stnclly beneficial, to 
man On account of their restneted habitat the species are rare 

Mosquito Eradication — Mosquito eradication m connection with 
malaria has been discussed m Chapter I Being m practice a problem of 
engineering and municipal administration rather than of medicine, it will 
suffice here to indicate the tneans emploved, according to circumstances 
in ridding a district of mosquitoes 

In rural districts where the malara'Canyiog mosquito breeds the measures e"pe 
daily applicable ate (1) Removalolcollectioiisof stagnant water suitable for bree^g 
by surface or subsoil drainage by permitting free access of the tide water or by filling 
m as jn the case of small ponds and »«Us (a) introduction of fish which prey on lari^e 
and pupae (,j) clesntig away aquatic vegetation from the banks of streams and ponds 
and (4) use of phvsical or chenuca) larvtcides as od or Pans green 

In urban and suburban distnrts where the mosquitoes transmitting yellow fever 
dengue and filanasis ate likely to breed the measures are (1) Piping the water supply 
to remove need of cisterns (*) screening covering and oiling all water containers 
(3) removal oi all rubbish that mayhold water as bottles and tin cans (a^dwnageot 
surface collections of water 01 \ here that » not possible (s) employment of larvnadaJ 

measures (6) asasubstitutefor these jneasuresu has been shown that the introduction 

of the small mosquito destroying into osteins tanks etc will prevent the breeJutg 
of mosquitoes Often fish cannot be depended upon to destroy all larvae m natural 
bodies of water where larvae and pupae *« protected by surface vegetation 

A number of chemical agents rnay be employed as larvitides The so-called Panama 
latvicide formubted and used succe sCufly 1 ^ Mason was compounded as foloos 
Add soo pounds powdered resm to igo gallons crude carbolic acid Heat muture to 
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>12 F until unifara liquid m obUiaed. Dmslvc jo pounds caustic soda ui d saCoss 
of watef and add to mixture stimag briaty^ Keep at boiling po nt until a aaople 
immeiately emulsifies *f«h water TJu* larvicide u a i to rooo emulswn kills mos- 
quito larvae m one to ire minotea to a t to 5000 emjlstaci in 30 roiautes It sbou'd 
not be used witti oil or to dilute oilas the soap) charactensti t interfere with satisfactory 
filming ESicacy IS impaired by exposure to air Costs SS to ]0 cents per gallon It 
IS ordiasnly sprayed or sprinkled iq iov> emubion (aformoot te s than t to soooemut 
Sion with the water treated 

Other hrvacides are referred to in Chapter I hee alsj Appendix 
P ^744 
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Aedcs vsntg&tiss (Si^ifinyta ps^tidoiculeUarts) resembles A albo 
pictus but has white bands only at the sides of the abdominal segments 
It IS widelj distributed m the Pacific Islands in which it is the sector of 
filanasis {non periodic strain of K hancrofh) It bites by day 

A togotandA chemulpoenaisofjapanareeffectivefilaml vectors bat 
m /I a(gypho.iidA development of the parasite is incomplete 

Psorophora — Species of this genus have been incriminated as being 
passive earners of larvae of a botfly {permatobia hommts) These larvae 
when the mosquito alights on the skm of man, emerge from the egg case, 
penetrate the skin and set up a cutaneous myiasis Seep 1514 Species 
of Aedes {A aegypii A olhoptdus, A laffaarkyiickKi A soUtcflim, A 
lexans A canlalor, A dort^Ats A «igromaCK/ir, and probably others) 
are hiologicallj capable of transmitting the virus of equine cncepbalo- 
myehtis This is of particular importance in view of the increase in 
reported human cases of this disea^ Human cases have been reported 
especially by Merrill and Ten Broeck (1935), Simmons, Rejmolds aad 
Cornell (1936) and Kelaer (*938) The definite matter of transmissioa 
of the human disease has not jet been determined 

Ufiaotaeaii —A small g«nus mauily of tropical dutnbutm The larvae live 
in giouad poola and have a auperhciat reaetnbUnce to from the elongated 

black head aad (he habet of lying fiat in the eiater although the larvae are eotaurfere 
feeders The adults are ornamented with liaes of oetaUic blue jcales 

JJegarhmus.— A genus of large showy bsects of tropical and subtropical distnbu 
lion The adults do not bite the probososbetog curved and adapted to extract honey 
from floirew The Janse louad ta tree holes aad wmtisr Joeatwns feed enfjrely on ether 
fflosquito larvae The species of this senus ihould be classed as stnetly beneficial to 
man On account of their mtneted habitat the speaes are rare 

Mosquito Eradication — Mosquito eradication m connection with 
malana has been discussed m Chapter I Being la practice a problem of 
engineering and municipal administration rather than of medicine it wil! 
suffice here to indicate the means emplojed, according to circumstances 
in ridding a district of mosquitoes 

In rural districts where the malana-carryioK mosquito breeds the messures espe 
cially applicable are (t) RemovalofcoUeciions of stagnant water suitable for breed^S 

by surface Of subsoil drainage by pernuttuif free access of the tide water orbyfilhDg 

10 as in the case of stnall ponds and wells (») uitroductioo of fish which prey 00 
and pupae {3) clearing away aqsatie vegetatton from the banks of slrtams and ponds 
and (4) use of physical 0 r chemical iarvmdes as enl or T'ans green 

In urban and suburban districts where the mosquitoes transtmtUng yellow fever 
dengw* filanasis are bkely to breed the measures ate (t) Piping the watersuppU' 
to remove need of cisterns (a) screening covering sad oihng all water contsuiers 
(3) removal of all rubbisii that may bold watet as bottles and tin cans (4) drainage 01 
surface collections of water or where that is not possible (s) employment of larvicidal 
measures (6) as a sohstituce foe these neamres (t fias bees shown that (he mtwdu^iou 
of the scaall mosquito destroying fish wtocBtoms tanks etc will prevent the breeding 
of mosquitoes Often fish cannot be depmded upon to destroy all Urvse in nsto(ai 
bodiesof water where laevae and pupae are protected by surface vegetation 

A number of chemical agents may beemjdi^d as laxvicides The so-called Panama 
larvicide formulated and used successfuUy ^ Mason was compounded as follon-s 
Add *00 pounds powdered rean to xjo gaUoas crude carbolic aad Heat mixture to 
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oi»Rir«f»tK:n ^VJlh the wbtiebdong the danjwous snakes we have 

grooved or csnaUzed poL^ fADgs attadied Krtenorly to tbe mnlU 

CoUbiidae — Tbe three tenes npteii above bdofl 10 this vety large fsra ly The 
poisonous spe les belong eithn to the lI)dro{^nae (sea snake*') which have in eel 
a'‘aptd tail and s rather Qattened boly ot to the Elapinae (land snakes) which have a 
roundtaiL Asarule sea snakes lire in salt water neat the h re but such snakes have 
been itpoiXedfront Ireth water lake uith Tbitt] pines Tbeysreoftraportaoceia the 
tropics and are a source of danger to fiJiennni White their venom is ertremely Wtc, 
and their fan^ situated ar enorty the danger {cam them is miRimired by tbeir small 
heads »nd relatively ineffcienl bite The fclap nae have short strong fan*^ anteriorly 
located and behind (hem small grootej(natcanab edl teeth The poison ^and which 
IS the bomrlogue of the parotid base duct kcated o (he upper lip and terminating in a 
papilla Tbepo son duet d eanotentcrihtfanglumenbutemptiesirtomuscuUc folds 
which surround the base of the fane beocc breaking off of a fang does net rtccessanl}' 
injure the duet There is a succession fieethinsnakes sothatanewfanggrowsout 
if the one nal one is extracted 

Many of our harmless snakes su h as the garter snake and blaeksnake belong to 
the Colubridae 

The cobras belong to the subfanuU Cla) inaeand some are best known bya neck Lke 
espansiin irbood The only poisonous colubtme snakes 10 the Lriied States ar the 
beadsnake (i/i ru ur/afiiu loflcnxatedUenondaeor Isnake an j the Sonoran coral 
(1/ iru iittii euryrsat/ui) Ottkof these snakes were firmerlv included in the genus 
£la^r 

The beai.snaVe is bb k with about ly broad cnoison bands bordered with yellow 
Although finall they are very venome is The upt er law lus aotenoily grooved fangs 
which apptndagesarenoC present in the non po sooaus coral snakes these latt r having 
teeth in the upper jaw so that the wound sboas ) rows of punctures ivsiead of i rows 
and one larger puncture oaeacbsdeto nark the entrance of the fangs 

ill Asu there are many impo tant poisorcus colubrin snakes the cebni (^o^o 
I ipud til) the King cobra ( k 41 1 iuagaro I and the kiaits [Buntuut fa atliiii 
All of the Australian poisonous snakes ere cotubnne] 

Sssats or the If rrco States (SniES) 

(A) rupilofey vertical pitpresent sinj^le row of ventral scales postenor to the vent 
adults with head more or less tiiangubr corstn tion behind head more or less 
promuieot Tit vipers (all poisonousl 

(ft) Tufil feyeiirtuktr pitabsenl daub rowofvenU I scales posteror to the vent 
(a) Co'or Crst band on heai bla k Coral snake fpoisonous) 

|h) Color tint ban f on head not bt k false corals (not poisonous) 

(c) Color all others \ol poisonous 

Vipendae —The vijwrinesnakesartgwierally characteruedbyabroad bead narrow 
n«k short and stomr v tail and a sh rt upper «sw whi b with the fangs u directed 
obli'juety backward The rattlesnake (Crotufvr) the copperhead (f otUtrAfo'i con 
lortr a) and the water m ccasi/i 14 f s i ai) are widely d stnbuled m the United 
States 

There are many fannteva sriakcs which more «e less resemble these Tit Vipers 
as the rattl rs moccasins and conmhesds are called This term refers to a deep 
hoi or pit found on the side >1 the heaf between the rosini and the eye It 
IS a b! nd sac The muvti drea’td fer-d Unce iBrfVreyi ii* cohiTa) is a troubne 

Somed) ide the Xipendae into the (rouluuc wh ch po sess thepii andtheViper 
inae which do not have this stru tare Ru sella t^er (0<)‘e o rurjef ) u one of the 
bestknowB ItheXifiefi ae andiaoreoftbeRiostitcpoitant pouonoussnakesof India- 
The poison (inss are groo ed oe petforalcd and c nnect^ w th the poison glands 
which resemble salivary glands and may be almost aa inch in I sgtb in b ge soakes 
The tongue u slender and f rked and is a taetde organ. 



Chapter LI 

POISONOUS SNAKES AND LIZARDS 


Snakes belong to ihc Class Rcptrtia and the order Squamata sub 
order Ophidta The t^vo families to which poisonous snakes belong, are 
the Colubridae (colubrine snakes) and Vipcridae {vipcrme snakes) 

AUhouBh the toiiciiy ot ihe venom *nd the amount notmiUy present mattert of 
great impoitance w ntimaling the lethal povren of apeon ol poisonous snaVo thr 
pTincipal feature to be conatiltted n the abiUty of the fangs to introduce veoom into 
the t>s ues of the irumal bitten Tor example m the Opi tboglypha there ate (anjs 



Ftc 384 —Dobcia raxitlli {After Mense ) 
attached to the maxilla but these ate r laced postenorly to the solid teeth w Irani 

that xjflco the venom cannot be inocalated these snaVes are from a practical pom' ® 

vievj non poisonous Then too snakes ui »hicK the fangs are so situated have ®'' 
small poison gland and their venom u of low toxicity In dangerous snakes 
/angsareplacedanlenorly atlachedtothemaxilb which in the poisonous ComD«°* 
Is long snd Ues bontontal and in the Vipendxe jt short and lies vertical 

The non venomous snakes ate in the Aglypha senes and have solid teeth '***■ 
has been a question as to a toxic sahva of some Sglyphs but this b probably so ailerp 
*53® 
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aanifesUtioa VVatbtheProJ rmglypha Then belong the dangt ous nakcs trehave 
grooved or (aoaUzed po Mn dtadiel Mtenjtiy to (he maWa 

Colubriilae — The three senes ootnl above belong to this very large Umly The 
poisonous speaes belong either to the Ilyiiropluue {s<» snakes) which have an eel 
shaped (31! »nd a rather datteaedbodv or to the Elaptna (land snakes) which have a 
rouodtaii <sarult easnakeshveusaUwateroeartheshore but such snakes have 
been reported from a Iresh water lakein the I hilipcmie* They are of importance in the 
tropics and are a source of dang c to liahtrmrD White their venom is eitremely toxic 
and their fangs ituated antenorlv the dang r from them is minimized by their smaQ 
heads and relatively inefficient b te The Ebproae have short trong {angs antenoriy 
located aadbehindtherasiaa igfoevedfnatLaasbzedlteeth The poison gland, which 
IS the homologue of the pacotki has a duct located in the upper lip and tetiomatiDg lO a 
papilla The poison duet does not enter the fang lumen but empties lato muscular folds 
which surround the base of the fasg hence breaking o 3 of a fang does not necessarily 
ia;u'e Che djcL There u a succes ion if leetb lo snakes sothatanewfanggrowsout 
if the ons na) one is extracted 

Many of our harmless snakes sacb as the garter-snake aad bocksnake belong to 
the Colubndae 

Tbtcobrasbeloagtothescbfamil Etapmaeaadtomearebestkricmabya eeck like 
erpansioR or hood The only pouoootis colubnoe snakes n the United States are the 
beadsrakefdf crnraj/We it ) ofteft called the flonda coral rake and the Sonoran coral 
(Jfiera aidei euryzoa I u \ Both of these snakes were formerly tceluded la the genus 
Slips 

The beadxtake is bla k with aboit 1 7 broad entnson bands bordered with yellow 
Aithou^small they are very venomous Tbeupperjawhassotcriorlygroovedfangs 
whuh appendages are not present CR the i>oB-pouonousttra) nakes theselatterhaviRg 
taatli in the upp e jaw to that the wound dtowt y rows of puarturei in tead ef a rows 
tad one larger puncture on each s de to tsark the entrance «l the fangs 

In Asu thee are many important poisonous colubrine snakes (he cobra iVa/o 
fripudions) the bong cobra (\«;0 isngorui) acid the kraits [Banporif fasaaltil) 

All of the Austnl an poisonous snakes ate coluhnwes 

SsecES or TOE UNmo Sram (Stcus) 

(<} Pupil of eye vertical pit present tingle mw of ventral sea et po tenor to the vest 
adults with head more oc lest tna igubr constncuon bebnd head more or le j 
protmoeot Pit vi-wra (all poisonous) 

(8) Pupil of rye circular pir ab ent daub e row of venCta) sea es posterior to the vent 
( ) Color £ist band on head Uack Cora] snake (poisonous) 

(h) Color first band on h-^d not back Fa! e corals fnat po vonous) 

ft) Colif aU other NoTposonous 

Vipetidae — The vipcrinesnakesacegeneral y chancterued by a bnadhead narrow 
oeck short and stampy tail and a short ut^r jaw which with ch fang is directed 
obliqu ty backward The rattlesnake (CritfdfHi) the copperhead (daeirrod it ton 
lerinx) and the water moccasin (A p i«wr«) are widely distributed 10 the Ur ted 
States 

There are msDy hannle s srakes which more 01 less eesemhle these Pit Vipers 
as Che rattim znoccss as and copperheads are called. This term refers to a deep 
hole or pit found on the side of the head be ween tb n tiil and the eye It 
IS a blind sac Tie much d eaded fer-de bree (Both ops loo colata) is a crotaliae 

Somedi idelfe Vip nfae into the CroUhnae whi h possess the p t and the V per 
inae which do not have tb s sirocinte Ro^U a v per {poh so r»sjs,/i’} u one of the 
besikoownof iheV penna and isont of theno timportariposonoussaakesof India 
The po son fangs are grooved at perforated aod connected with the poison glands 
which eserab’e mlivary glands and may be almost an inch in length m Urge snakes 
Tie tongue u slender and fo ked and is a (a t U organ 
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The jaws are remarkable for their great extensibility, not only ^«tti 
cally, but Jaterally, permitted by the ligamentous connections of the tiro 
halves of the mandible or louver jaw 

As the fangs are directed backwud it is necessary for the snake rviien sinking to 
open the jaws widely and bend back the neck The fangs are then brought hmii 
and erected by the spheno pterygoid mnsdes The snake bite is a combiaation of bite 
and blow The functional fangs of colubnne snakes however arc not mobile 

In addition to the possession of the pit these vipen have a eiwreorlesa truegubr 
head and m particular a single tow ot large scales on the under surface postenor to the 
vent (anus) while the harmless snakes Uiow an elongated oval bead and two rows of 
large ventral scales posterior to the vent 



Snake Venom — In examining the wound made by a snake the two 
punctures of the fangs indicate the bite of a poisonous snake If 
fang puncture points are far apart it shot^ that a large snake and prob 
ably one capable of injecting a greater amount of lenom has gi'on 
bite 


XVhen a snake strikes the fangs move from the hoiisonUl to the erect position 
the mouth being widely open When the fangs enter the jaws close and pressure is 
eserted on the poison glands so that the venom pours out r' t i. 

The idea that a snake eshausts its vcddiu when striking is not true Colubnn 
snakes may bite shortly after Ibe first attack and inject each time a lethal dose 0 
venom Fresh venom vanes from an almost colorle» fluid to one with a browmsa 
greenish color It is viscid and qutcUy decomposes from the varied bacterial flora 
contains A number of years ago the iitjectun of rattlesnake venom was used in 
tteatment ol epilepsy but dangerous and even &lal reactions resulted from the P**"® 
genie anaerobes at times present in the venom of snakes Cned venom is quite sta e 
w the dark and retains its toaicity for yean 

Dr M r Barnes points out that in V pers the venom gland 1 es between ise nur 

of the marillafy f*'® spheno ptct>goid mosdea and the contration o! the laitc 
mu scle in erecting the f ang » ould abo squecae the venom gland and e c/i^ 
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ThitmJUt't o( venora vanes vr tb t^sueaod condiiios oi tbe jnakr ta adult eubra 
yv\iin$ abduC i cc Acton tod 1 sonles five tba foUoirug table expressed la codli 
grams of d«i<.cated venom 

Coaimoa tobta (tn<*an yteW) jt7 o mg 

Coairon krait (mesa laeW) 8 sysOa 

Banded krait (mean yield; C4 4 mg 

Russell s viper fmeaa yie*d> 108 e mg 


Tbey estimate (be mintraum )e(lul do cts outt a5 i j mg witb cobra venom and 
42 tag nitb tbe venom of Russell t Mper {Oa^ia) Tbe venom of tbe Juaits is more 
potent that of the vety jtnttwn Indian krait Buifarus lartiiias being given as t mg 
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later paral> sis of the respiratory apparatus There is onl> an insignificant 

reaction at the point of bite 

The venom is mainly neurotoxw causing death by paralysis ol cardiac aniiespua 
toty Centers Cobra venom u also very haemolytic This haemolysm is activated by 
the normal complement ot the serum «I the animal poisoned the haemolysm as coa 
tamed m the venom not being tosic when alone Lecithin also has the property «f 
activating the haemolytic substance m venom 


In rattksnal^e bites (vipcnne snaV.cs) there is marked pam at the site 
of the wound with much swelling and haemorrhagic inHtration The 
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swelling and petechial mottling spread up the limb from the ® 
entrance of the venom Cold sweats, nausea cardiac depression 
svneope are cornmon An exception to this general rule is Crololus 
lerrtficut whose venom is strongly neurotoxic afferting 'is on and respira 
tory centres The local effects are slight 

Baillesnake venom is active chiefly on account of its bicmorthapin ct ralbM 

endotheliolysin which de troys the rndolhelial luiing of blood vessels , 

The haemolytic Ibaemotoxic) cflecta of the venom of the '' est Indian and Ce-i 
Amenean vipers ate most raailied— haemorit ag s from the conjunclivac and 
occurring along with reflex vomiting There w marked damage to the blood 
walls death occurring in coma in about eight hours in the abscn e of antivenm » * 
with such treatment translusion may be necessary Of lie \mencaa pit ''‘P*” 
rattlesnake venom is the most toxic and that of the water moccasin least so hut t 
necroti mg power of the latter is more matked 

Ven ms may also contain proteolytic ferment which may account for tae so‘*r'“ * 
of ffluscies in snake bile cases The toxic effect ol the venom takes place without an 
apprecuble incubation penod hence diffeient from true toxins 
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The most venomous snakes seem to be tb sa^ake* lEnhyirtna) This venom 
t» slsnost entirely nturoto»e 

The tijef snake of Aastraiia is almost «<tu«tly vetwmous »tni the trait (B tandutu ) 
nest The ralUtsoake is aboat one fifth as renonious 4« the kts t Clark (i94») »n 
the identi'ication of over i ooo snakes esp aallv from Honduras and Panama finds 
the commonest poisonous snakes to he the f r de Ian e B»lh off alrex B /owfeepii 
aod£ (kaf »wfd w/w) B s<4fef hi fhoroed piJm viper) B klero sand 5 

ni5f«i idisjiijfosjnd s (both tree snakes) S fodmaai B nuwmi/rro (jumping snakesi 
La hesis m la (bushmaster) It is noted that Cntdvt I mUius i found m Panama 
Costa Rica and CoJotnbia m* species of the coral snakes were found parlicuiatiy in 
Panama of «bicb VumniJ iif[Wi Kfaa was the most common 

Certain venoms yreatlj increase the oagutabibtyof the blood so that intravascular 
thromboses may occur Itischieflywilhth venornsofZlijS to and ^unjaras that such 
thromboses art likely to occur and this a counts for the almo t instantaneous death 
which at t mes results Ifomb resol such snak s wVn the loiinis injected tSirertlywito 

rrealmeBt— The non-specific treatment of snake bte poisonire which has usually 
been recornmerdedis (i) Apply a tight ligstoreabavethes teofthe bite for lo-io min 
utes The ligature which should pt feraWy be a rubber band is to b apph d about 
a ungle bone utremity not about on with two supportmg bones (>} carrying a 
piece of rubber gauze n recommended which ucut and placed on the site of the bite 
buctioa by mouth should then be kept up steaAil/ for at least one b If hour if no 
antivenia is ava labls H antjveoia is at band it should be adminitfered *t a disuace 
(rota the sate of the bite and t>e auction contiuzed lesi ion incrresea the chan efor 
the invai on of v oadary i fection 

Baa rmaon has shown that a dog bittetibyacobra cannot be saved by fr e meisioa 
asd the cubbing in of permarganate ciystals It may however be saved by the komc 
diate injeeUon o! )« ec of a j per cent solution of petnanganate botnntifiwoiunutee 
has elapsed D cs from the Ziehe « are fatal however tbe permanganate be applied 
He theii>fote does not eon der the pettnanga ate tres a ent of anv praetteal value 
Rogers thinks that Ban erinaon setpenments with drgsdo not give a true idea e( the 
value of peraangzaac because he bas bal saccesa in espenmesDrg with cats and 
becausehebehevesitlusuvedliiKianhvts Chr em aadinj ciions ft percent) bate 
been recommended Acton and Knowles consider poussiun permanganate as unreh 
able and recommend Sib utareous injections of a 5 pe cent solution of geld chloride 
These local injections are elhca sous if u ed before Ae veiom has been absorbed but 
they ha/e no effect on venom taken up by the ciicolation Intraveoous lajeclion of 
ptrmaspnate is not only nUhoat effect but is daagerou Amaral states that the 
ligature will not pjeventtJie 'eootn from spieiduii, aud may accentuate tfe proteolytic 
and cyco'ytic action In his opinion FcrinaneiDate lolutioi's la aitive concestrations 
have a dt’eterioua action on bssiies Recent aothociiAes counlet indicate the use of 
potassium manganate 

Intemallyalcoholdoesnatseeiiifobeofaoyvalae uifact many of the deaths have 
been attributed to escessive mg>-stwsi of whiskey Strychnine in large almost poison 
ous doses was highly recommeoded w Australia but th statistics stem to make the 
value of th's cem^y doubtful 

InanertJ Icon snakebite N Hanuhonraiclejrfi^ja) states that early free excision 
tomb ned with mechanical suctwya » the otdy method ol local Irealment likely to be 
sjcctssful in body bites Imoicd ate aF9;dicatioo of a hstalure and free escisioa (j by 
3 cm 1 down to the muscles was theoaly efl ctive local treatment in sheep tutteo by 
tiger snakes lie refers to the work of Cnmauas («9ijj advocating h»Ature and ina 
Sion comlMned with sacti nbyabto tpon^r andthat of Jackson and Cithens (loyt) 
m which iicLion of the woonl bite combn 4 with act on by a Biers apparatus and 
irr gstion with salife is tec ratnended Faiifcv regards tbest methods as useful acces- 
sories to liitalute inctsoaardeiciwn Asteewdatheuseofpcniianganaie Raymond 
Dilnups (L-ecil s Jfedicine) states Nothing could be more fore gn to the treatmear of 
snake bile than such prstiue For local treatment be advocates deep mcision and 
forced lucuoa. Ctultntatm ilUmJJ ncier U wsrd 



tIZAXOS 


1536 

Allen (1939) particularly on account of the evidences of local difiuswn and loal 
binding of the venom also does not recoauBeod loasions He bis discussed la detail 
all the local measures in the treatment of snake bite He believes the use of anecdajite 
tourniquet is harmful The reason for this is because the poison is too slowly ahsorbed 
and destroyed and the circulatory stasis increases the local necrosis and the consequent 
absorption of tone tissue products However he thinks that the earliest possible exci 
Sion of a large area of tissue may be beneBcial In still more deperate cases he points 
out that amputation is a more positive remedy He aUo thinks that the tourniquet 
may be serviceable with or nilhout refrigeration as preliminary to delayed amputation 

Herbert Clark (194a) who hashad more than 30 years experience in Central America 
in the study of venomous snakes and the treatment of snake bite emphasizes that in 
treatment the essential measures to be effective should be taken immediately after the 
bite The first step should be to kiO the snake for identification A tourniquet 
sufficiently tight _to stop venous but not attenal flow, is advocated It should be 
released for a few seconds every 10 minutes Extraction of the venom by suction 
should be started at once Suction may be apphed by the mouth over a thin sheet of 
rubber laid over the bite This should be continued vigorously for five minutes and 
the site should then be washed antivenene given and suction repeated Incisions at 
the site of the bite are not advised as thechanneismade by the fangs are rawandaddi 
tional incisions increase the raw surfaces and therefore hasten absorption Anti enene 
should be given subcutaneously and the tourniquet should be kept in poation for an 
jiour after the adminiitTation 01 aniiven^e AlcohblTS fbBlramtjicated and pel 
manganate cannot reach the droplets of venom beneath the skin 

InCentral America antibothfopic serum can be used with a good chance 
ness in all cases though 80 to 85 per cent of the bites are due to species of Sothrops 

Duran Keynals (1939) has pointed out the spreading factor in certain snake venoms 
in relation to their mode of action 

Aattveaias.— The active agents of snake venoms may be either of the nature 01 
haemorrhagins neurotorins or fibnn ferments In colubnne snakes the neuroWtm 
vastly predommates whereas with the vnpennes it is the baemotrhagin Certain Aus 
trahan snakes contain all three bodies in about equal proportion whereas with the rattle 
snakes of America it is almost entirely the baeniorrbagm which causes the poisoning 
The Micrutus (Elaps) of Tlorida is a colubnoe snake and its venom is neurotoxic la 
nature 

The cause of death in cofubrme snake bites is chiefly from paralysis 0/ the tespinfory 
centers whereas with the pit vipers it is chiefly from haemorrhages in the vital ysans 
Antitoxins have been prepared against both viperinc and colubnne venoms and these 
are specific thus a colubnne antivenm will not be of value agamst a viperuie mte 
Antivenins should be administered either intravenously or intramuscularly The 
amounts recommended for injection to neutralize a fatal dose of snake poison vaT' 
from 100 to 300 cc. of the antivemn serum There is no accurate method of standara 
ization 

When Calmette (1894) first produced antivemn the idea prevailed 

that It was useful for anj snakevenom a view soon found to be untenable 

There are now institutes in many parts of the w orld where antivenins are 
made to combat the local venoms thus in the U S we have the Anti 
venine Institute of America which produces an antivemn for rattlesnake 
copperhead and water moccasin venom These venoms are chiefly 
haemorrhagic Previously the toncity of some venoms made the 
immunization of horses precarious but methods of detoxication are now 
being used which are more successful Both monovalent and polyva'^n 
sera are produced Often when it is impossible to determine the species 
of the offending snake a polyvalent serum is indicated Antivenins are 
given either intramuscularly or intravenously With highly poisonous 
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venoms intravenous therapy is indicated Fairley emphasizes that dosage 
IS in inverse proportion to body weight so that children ma> require 
several times the amount of serum suffiaent for a heavier adult This 
IS connected with the natural neutraliang power of the blood stream 
A large individual having more blood to partiaUy neutralize venom than 
a smaller per on or a child requires less antivenm Owing to varying 
strengths of antivenins (concentration methods) one should depend for 
dosage on the instructions accompanying the product Besides the local 
and specific treatment for snake bite one should put the patient at rest 
physically and mentally as psychical shock is an important matter with 
some snake bite patients Fairley also recommends black coffee or 
caffein Avoid strychnine and alcc^ol and in particular morphine 

Liz vans 

Lizards are non poisonous with the exception of the two Gila monsters 
{Utloderma mspeclum and E horndum) The first is found m Arizona 
and New Mexico (Gila nver valley) and the second named in south 
western Mexico They are about a feet long heavily built and covered 
with small tubercles The name monster is most applicable The poison 
fangs are in the lower jaw and (he bite of these apparently sluggish crea 
tures may cause death The symptoms of poisoning often start with 
paralysis Dyspnoea and convulsions may follow \’^en aroused they 
are v ery vicious and it is as difficult to open the closed jaws as in the case of 
a bulldog They lay parchment like eggs in the sand of the desert 
(For rtferencM %tt end of Chapter LIT P 1530 ) 



Chapter LII 

POISONOUS ARTHROPODS, FISH AND 
COELENTERATES 

Venomous Artiiropods 

Spiders — Spiders belong to the class Arachnida order Araneida 
There are numerous families divided into various genera As a rule 
spiders secrete a venom which is capable of poisoning the small animals 
used as food but it is only m rare instances that the venom is poisonous 
for man Individual idiosyncrasies maj make one person susceptible to 
spider or other arthropod bites whereas others do not suffer 

Reports of illness following spider biles are very rite and many of these are due 
to secondary infections with p}oeen>c bacteria 

The dread of spiders is probably connected with attnbutmg the bystens of the 
Middle Ages or tarantism to the bite of Lyteta laranlula As a matter of fact the 
bite of this spider produces only a localised erythema without general symptoms 

Experiments have shown that most of the common spiders not only are unwilling 
to bite but even when almost forced to do so are urwble to penetrate other than the 
most delicate human skin Even then the bite has only the effect of a pm pnck 

In America we appl> the term tarantula to a large dark hair> fero 
Clous looking spider of the famil> of Aviculanidae None of these are 
dangerous in spite of folklore to the contrary (Barbour 1941 ) 

However certain species of the genus Latrodectus produce systemic 
symptoms rather than local ones A few ate very poisonous 

In southern Europe L Iredtctmfuttatui ( the malmignatte in New Zealand 
Australia and the Philippines L (known as the Lalipo ) and in North and 

South America L mactans L curaco.nfnsis and L geamdricKr are common InTurke 
Stan L tredectm gallalM {the KaraLort spider ) in Australia ttrax robuslas (tbe 
funnelweb spider ) and in South Africa Lalrodeclus tndisltitclus (the hroppie 
spider ) are much feared 

The venom of the Kroppie spider has recently been studied by Shapiro and by 
Finlayson (1939) and its bite is not at all uncommon in South Africa The toxin of the 

poisongland hasbeenshowntobeapowerfulhaemolysin It has a marked depressant 
effect on the cardiac muscle Rigidity and spasm of most of the muscles supervene 
especially those of the abdomen which become boardlike and the condition may simu 
late appendicitis Sloughing of the skm in the neighborhood of the bite may occur 
Finlayson has found that the haemolytic properties of arachnolysm (that is a soluUon 
of the dried body of the insect) differs somewhat from that of the pure venom The 
former readily hiemoljses human corpu desas well as those of the rabbit 

For treatment intravenous injections of calaum gluconate 10 cc of a 10 per cent 
solution has been recommended for the rehef of pain and for decreasing the muscular 
spasm Finlayson has prepared a serum which neutral aes the venom which he recoin 
mends for treatment 

1538 
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The bite of the »p«aM L tap to ofNewZeaUad usaidtocauseslowmg of the pulse 
and respirations and produ e tetanoid laaDifestatioiis 

Latrodcctus Mactans —In the United States this species often called 
the bkck. widow or hourglass spider has b>*cn held responsible for 
symptoms of poisoning in about 400 cases with a record of 16 deaths 

These spiders have been reported from many states part culat ly Western tnd South 
etnones with about half of the cases from Catifomu This species however has also 



Pic 38S —Lai J il t n I 1 f m 1 <BU k md w > Vent al fac sh w ng 

o a ge-i d bou gl ip t (O g n 1 ) App oa mat ly actual e 

1 een found in southern Canada Cuba and htexico and as far south as Peru and Chile 
In his boob on entomology ilerms pses an e ceHent descript on of it The female 
IS about an m h fn length— the maW is much smaller The globose abdomen of the 
female stands out like a beautiful b ghly polished black pe il She is exceedingly 
active and most aggressive An interest og fact is her k U ng the male after he has 
served the ends of species preservati n 

It has been sUt^ that the taore busbanda she baa disposed of the grtater the viru 
lenee of her venom This Spider is usually lonnd lO old out buddings chiedy under 
pnvy seals or dry cracks in bnck or concrete work supporting such bu Idings Thev 
also can be found m new houses and occupied ones even m occupied beds Tbeweb 
s rather cosrse and does notshowtfereguUrqrinmetty of tnanvsp derwebs The tgg 
cocoon IS attached to the *eb and any attempt to dislodge it is resented by the alert 
mother There ate mo e than loo rather iaigecggsia the cocoon which u spun during 
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POISONOUS ARTHROPODS, FISH AND 
COELENTERATES 

Venomous Arthropods 

Spiders — Spiders belong to the class Arachnida order Araneida 
There are numerous families divided into various genera As a rule 
spiders secrete a venom which >s capable of poisoning the small animals 
used as food hut it is onI> m rare instances that the venom is poisonous 
for man Individual idiosyncrasies ma> make one person susceptible to 
spider or other arthropod bites whereas others do not suffer 

Reports of illness follaumg spider bites are very rare and many of these axe due 
to secondary infections with pyogenic bacteria 

The dread of spiders is probably connected wuh attnbutmg the hystena of the 
^Iiddle Ages or tarantism to the bite of Lycesa taranltJa As a matter of fact the 
bite of this spider produces only a localized erythema without general symptoms 

Cepeciments have shown that most of the common spiders not only are unnilltog 
to bite but even when almost forced to do so are unable to penetrate other than tae 
most delicate human skin Cven then the bite has only tbe effect of a pm pnck 

In America we apply the term tarantula to a large dark hairy fsro 
cioub looking spider of the family of Aviculanidae None of these are 
dangerous in spite of folklore to the contrary (Barbour 1941 ) 

However certain species of the genus Lairodechis produce systemic 
symptoms rather than local ones A few are very poisonous 

In southern Europe L IredecimgHltatui ( the malmignatte m New Zealand 
Australia and the Philippines L hatfelh (known as tbe kalipo ) and in North and 
South America L viailans L tuTacartenus itometricus art common InTu ke 
Stan L hednun guitatui (the Karakurt spider ) jn Australia itrat rebu lus (the 
funnelwcb spider } and in South Africa Lalrodectus tTtdi In clus (the Kroppie 
spider ) ate much feared 

The venom of the Kroppie spider has recently been studied by Shapiro and by 
Finlayson (1939) and its biteis not at all uncommon m South Africa The tovm of the 
poison glands has been shown tobea po erful haemolysin It has a marked depressant 
effect on the cardiac muscle Rigidity and spasm of most of the muscles supervene 
especially those of the abdomen which become boardlike and the condition may six a 
late appendicitis Sloughing of the slm in the neighborhood of the bite may occur 
Fw.la>son has found that the haemolytic properties of arachnolysm (that is a soluUon 
of the dried body of the insect) differs somewhat from that of Ihe pure venom * * 
former readily haemoljses human oirpuscles as well as those of the rabbit 

Tor Irealmf'!! intravenous injections of calcium gluconate lo cc of a lO per cent 
solution has been recommended for the relief of pain and lor decreasing the mus uiat 
spasm Finlayson has prepared a serum which neutralwes the venom which he recom 
mends for treatment 
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D qwxnq estnatus itv the Egyptian Sidan algo gives n e to a high mortality reaching 
6o per cent in children under s years of age Waterman (ipjS) reports that in Trinidad 
the mortal ty la ehildten under $ years of age is per cent although the majority of 
individuals stung by this scorp on in Tnnidad ate over 13 yean of age In central 
northern Mexico the death rale from acorpun sling principally of the species Ceiilru 
ro dci sufusus (the durango) has averaged roe per 100 000 p r a num for several years 
(Faust 1940) the majority of the victims are from t to 7 years of age Aged persons 
honever ate very susceptible and young adults have been known to die within an 
hour after being stung 

Sptcvts of Bulhus ate also found vRsonlhem huiope as well as in notlherti Africa 
Also the poisonous black scorpion E^ttorpiut ilaliciii is fourd in these locahties 
See p a msurur is also a poisonous ^>ec>es m Egypt and Tunis while m India species 
of r mulus and in Trinidad the bbek Ttryus Irin latis and in Brazil f sereulaius are 
especially dangerous The species Crnlnirttiei eaffusus occurs not only in northern 
Mexico but from the southern part of the United States to Tanama The spe les 
B thus f»or(«n}i has been found poisonous in Manchuria 
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The impotfance of tcorpion poisoning has been emphasized recently 
b> Sergent (1938) in North Africa Basu (1939I m India Faust (1940) 
m northern Mexico and Shulov (1942) in Palestine The studies of 
\\ alerman (1938) emphasize the importance of poisoning b> scorpions in 
Tnnidad where however only the severe cases came under medical 
observation The majority occur in the cane fields of the cocoa planta 
lions though the scorpions often lotV. mv the shoes and clothing 

In S years at one hospital m the cane growing district 6®g cases were admitted In 
the last year 189 and 33 deaths nr 4 7 Per cent The f tahty rate is greatest in the 
very young Of 16 under one year 6 d »d but up to the age of s years In 8S cases 
there were II deaths Twenty Sve per cr t of the Cases occurred under s Between 
6-10 years there were 96 cases a d $ d aths s a per cent In the second decade there 
were 5 faUlilies among igo cases oridpcrcat 013240 erli years onlyoneded 
Death might take pla e at any interval from to 42 bouia 

The symptoms ate burning pains usually lessening m ts minutes 
The patient feels sick ani presents salivation nausea and vomiting with 
profuse sweating The vomit may be dark coffee ground m color 
Respirations may be as rapid as the pulse but though there is dyspnoea 
there is never cyanosis Reflexes are increa-ed In infants and children 
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the summer The small grey spiderljiigs which hatch out in about a month are very 
active \(l« several molts at each ol which there is increasingly darker color there 
develops after a number of months {and generally in the spring) a mature female with 
the deep orange spots on the ventral abdomen which enable one (0 identify this species 
The spots vary from a striking resemblance to an hourglass with the spots apposed at 
their apices to an arrangement like a Alaltese cross w uh 4 spots at ri ht an les Agim 
there may be only one spot Cases of biles generally occur in the summer and autumn 
H Chapman (1936) notes the severe systemic symptoms of four cases observed 
by him— rather insignificant pain at the site of ^be bite (which may not be manifest) to 
be followed in about 30 minutes by marked pain in various parts of the body par 
ticularly of the abdomen when the ngid muscles make one suspect acute abdomen 
Hargreaves and hfacKenxie (194s) have reported a case vrith such symptoms due 
to the bites of L fngnirir 


The pain is excruciating and scarcely responds to morphine The 
pulse IS slow and the respiration embarrassed The temperature maj be 
raised and the leucocytes increased There may be a macular rash 
Spasm of the back and thigh muscles may be noted The venom is 
apparently a toralbumin and its most damaging action is on the nerve 
endings, as m cobra poisoning 

For treatment hot packs may be of value The administration of 
alcohol has been condemned Gilbert and Stewart (1935) recommend 
intramuscular or even intravenous injections of calcium gluconate f:o ce 
of a ro per cent solution) 

Injections of specific antivenm bavealxv been employed One such immune bone 
serum is prepared by ^^ul^a^d aod Company However it is recommended that the 
patient should first be tested for serum sukoess and if necessary desensitued before 
the intramuscular injection of the antivemn Smith and D Amour {1939) have found 
that a most effective antiserum against the venom of the black widow spider has been 
produced in sheep However it is necessary to use a large number of spiders about 
3000 per sheep over ad mouths period This preparation has been made commercially 
available by Squibb 

Sfa Kwnod (1938) has ftuod that this same species (t inarlJnt) is found in Uru 
g«ay where it gives rise to iiewfar symptoms to tbost disca sed above He reporu 
4 cases in one of which a boy of 1 1 years nas bitten 10 the subclavicular region Death 
occurred in 36 hours Another species of spider Glyftocranium garlfracOHliewfeJ 
found 10 Peru gives nae by its bite to gangrenous lesions haematuna and additional 
symptoms as 10 Lalreitclus poisoning Its bile also may be fatal 

Scorpions — 'These arachnids belong to the order Storpionida The 
scorpions of temperate climates arc usually small but those of the tropics 
may attain very large size even 7 inches in length The last abdominal 
segment terminates in a ventralJy curved spine This segment carries 


the poison glands 

Scorpions have formidable claws or pcdipalps with which they seize their prey 
and rften hya d^anard movemeat ol thetasi like at>do/ae!i tbsypiffce the prey with 
the spine and thus introduce tlieir venom The poi on of some of the large scor 
pions as Buihus quinqutstnalus seems to resemble in action that of the cobra venom. 
Although the larger scorpions are particobHy to be dreaded e peciaUy where 
children have been bitten (mortality of bites of B qutnqueslrtahis in young chilwen 
practically 50%) the effects of the bites of the small scorpions found in the Southero 
H S and California are probably never fatal although they may be quite painful ana 
produce sbght general symptoms 

Sampayo (1944) reports many hundred of cases in Buenos Aires Province 
Argentine frequently in rural laborers who with eaposed chest handle hay or waC 
* j bsgs He has isolated the venom which contains a neurotonic substance wcien 
has a diffuse eacitatory action throughout the entire central nervous system 
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As » rult the eSects of » bee stiRg are«ilirelyk>eal but cases have been repoiltd 
of general symptoms ensuing such as fever dtzzutess dyspnoea and urliearial lesions 
The symptoms generally disappear wiUtm a few hotus Hone er the introduction 
of the venom into the conjunctiva is apt to give nse to more senoiis results the t ssues 
quickly becoming greatly inflamed and ntdematous sometimes with profound system c 
symptoms In Liberia the wnlerobseneda native child stung by an enormous swarm 
of bees which succumbed quiekly before it could be resuscitated 

Recently the suggestion has been made that bees aie not uncommonly 
associated w Uh allergic reactioius in persons sensitive to poUen and to other 
substances which the bees bring into close proximity to human beings and 
the term bee allergy has recently been discussed in medical literature 

Some reports ha e been made that hypertensitixed persons may die of shock from 
bee sting following previous seniitizatioa to some instances the symptoms have 
dsappe&red (oUoning the early adminittratioa of sdreoalut It has been suggested 
that such persons who are apt to beaga n eiposcd to thesCingof bees should be desensi 
tued by injecUQTis of Altered extracts of the whote bee made up m Coca s solution to 
vihich phenol o a per cent is added 

The bumble bet differs from the honey bee in that the sling is not cast off when 
stinging Jtx Blake (iwi) wnlei the effects of bet stings in Last Afr ca appear to 
be very severe 5<*armi titay be met a lb on the roads ahich attack on a heroic 
scale fie eitmates that one hall doten «r more natives are killed by bees every year 
De the also occur in Europeans Weak ammooia or washing soda is best for allaying 
the itntati n Fot wasp stings dituie acids such as vmegai ratbet than alkalies ate 
recommended 

Iforncis and wasps have a wtD d veioped sting and art moredrtaded for their sting 
effect than bees The sung of the wasp is often very painful fftbe slinging apparatus 
of the has been left la thewouad it is important ihoi i should be removed 
with a sharp kn feblade or aeedle to prevent discharge of add lion 1 teitom from the 
pots nreaecvoir If the individu I has been suing by many wasps and system c shock 
occuts c rd ae and respirslory stimulants may be advisable Local applications and 
warm packs may ale be employed 

It IS of mte «st to note the tepoit of Fawlowsky and Sendak ( pjb) that the wasp 
f’ f <r geUuus may serve as a disseminator of the eggs of drrsrw fneyforJone and 
Trititi/fiiiJii the infect os being carried abMt on the w ngs legs body and mouth 
p Is and n t in the d gestive ir ct 

rlnfs —In temperate regions ants rarely are considered as producing 
injury but in the tropics there are large formidable species which may 
not only cause local irritation but even produce general symptoms of 
nenous system involvement The large anu of Central and northern 
South America particulari) the tucandetra [J'Qraponera elavala) are 
especially feared b> the natives because of the very painful lesions which 
follow their stings 

In psrts of Indi* sad Afnca the lestons produced by the tiopical torsging mis of 
the genus ilt omofi m »te of s very diffeieat nstnte b mg produced by the bile of 
the ma dibles of their jaws 

In the Ph 1 ppmes a roe species of ants »re promiEent factors in destr ymg bouse 
8y 1 r aes that in thswsy they are of great ass sUace to man 

CstetpiiUrs. — C rtaio calerpilbirs f vamus faniit s of Lepidopters (moths) have 
hairs with poison glasd cells which tmtate the aim produc garooreorlesseatensive 
r sb Thecal n illarsof thebrown u I mothhave ha rswhvchwhen shed and coming 
me ntact with ihe ikin cause the br wn tail ra h Allergic ttaciions may be pro 
duced by venoms scales or other products of anlhropods wh ch may not generally 
berecogm dasposonaus — eciesnas coryaa or asthma 

Beetles. — The best known of the wtcatuig ( esjcaUng) beetles is TjlJowi colt lo 
the Sp msh fly the source of cantharadm sth cb is most concentrated la the geniUha 
of the beetle Other spec ei of the family AT Soidoo have tjcailap properties Certain 
species of the genus Psn/rrvs or fete beell^ coat in a lotie pnnaple nolcanlh tsdo 
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convulsions are common and m such cases the prognosis is bad Excie 
tion may occur la poisonous amounts in the milk and Waterman observed 
a case m a wotnaii stung shottty before nursing her child 

The fatter showed symptoms of scorpion poisoning and died A similar condition 
bad been recorded after snake bits At autopsy at) the viscera were congested the 
lungs oedematous due probably to catduc failure small sufeserous and sobmucous 
haemorrhages occurred The pancreas may show haemorrhages 

Trtatrnent formerly eonsisted of potasstom permanganate administered lolf* 
venouvly but this has been given up However some sliil recommend 2 cc ofeiS 
per cent colloidal manganese intramuscularly repeated »/ necessary Watennan sug 
gests the adimmatralion of glucose lo pet cent rectally or 3 per cent subcutaneously 
foJloB'ed by mrubn The tfeatment otherwise shoutd be symptomaCa: 

Antivenin treatment has been particuiarl> recommended bj a number 
of investigators An antnemn made tvitb goats is available for tbf 
Brazilian form and is obtainable from the Serum Institute at Butaatan 
Shulov and Sergent have also particular!) recommended serum treatment 
m Asia and Afnca 

Sergent has found the moil dangerous speciei in North Africa to be TfwnsfW 
o«jf alit Hereporesantivemntreatfnentift33palient>(t9chiidren one old Ban 
13 adults) seriously all and thought to be dying Of these j 6 recovered and ? died 
6 children and one adult In the case of 8 others (7 children and one old maa) la 
of whom a fatal issue might be expected allrecovered Thusm cases stendedw 
recovery gjoperce-nt In 60 cases with mild symptoms si! recovered 

Mympods —These arthropods are divided into the orders Dtplopoda 
or millipedes and Chilopoda or centijwdes Millipedes have a more 
c> iindncal body than centipedes and with the etception of the appendages 
coming from the most anterior somites have a pairs of legs to each seg 
ment whereas the centipedes have only one pair to each segment 

MiUipedeshavecofangsanditis generally accepted that they ace hacmless 
^ ' ever seversl species are of tome m^ical interest as species ol and fonwria 
virtimtnsss may serve as intermediate hosts for Uitneitalepit dminuta 

Centipedes have poison glands at the base ol the first pair of legs ThekgstCTWi 
Inale in a powerful claw at the tip of which is the opening (or the expulsion of the 
'venom The small centipedes which ate found in temperate ciimsle* rarely 
1 ^ more than local symptoms but the Urge teoptcal ones as for instance Scolofi r« 

I $anfea which may be lo-ia Hicbes long have been reported in some instances 
cause death in children by their sling They give rise to necrotic local lesion at I 

sites of the two punctures and id addition may prodoce general symptoms of vomi 

ing headache fever and even coma For treatraenl local applifolion of Mlutm”*® 
ammonia i j or 1 lo are recommended Hypodermic iniections of morphia may 
necessary to allay the pain 

Bees, Wasps and Ants — Hiese arthropods belong to the order H> men 
optera of the class Insects The venom of bees is ejected through the 
sting which 13 at the end of the abdomen In addition to the fortmc 
acid there is also a neurototin in the venom Experimental imraune- 
logical tests suggest that bee peuson is related to viper and rattlKMkc 
venom (Plnsaljx) When a bee stmgs the stinging parts are usually le* 
in the wound to continue by muscular action to force out the containe 
venom into the tissues of the victim 
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The only two important ammal parasite injections witb which the 
eat-og oi i connected are (i) DtphytlAothTtum latuni and (2) Clonor 
this sinensts The broad Russian tape worm is a rather common parasite 
oJ man in the Baltic provinces and comes irota eating insuthcientlj 
salted pike and other fish infected with this larval tape worm The 
liver fiuke disease of China and Japan is caused bv eating various raw- 
er insufficiently cooked fresh water fish Tbe^ fish are the secondary 
intermediate hosts the pnrnarv ones being molluscs A very small 
fluke of Japan ^frlsgoHtfrHS -yaitagaue* n transmitted by th^ ingestion 
oJ certain goldfish 

Tkeie ats certam bsb whose meat is poison us when theie iv no question of d com 
position or d sense m the tub The bnt knona insUnc* is with cetta n species o( 
the renus T€trtJ»>t The lUness pioduced by the eating of this ftsb is usually tetmed 
Jupismus the Japanese dtt pistmg Web fal by the term fugu Tte poisonous 
pnaoples stem to east chiedy in the 0 anes and testes the c&ting of e en one toe 
of such fi h bnnging 00 teiious lUnes ta a few imnutes or possibly death in a few hours 
It has been stated that after caretul removal of alt genital tnd ahmeatary tract oegaas 
these tsh may be eaten without barai Tbe poisonous principle bas s pbys ological 
aetioa soiatwhat Ike curare and t tb rm^ stable Such 6sh have been used particu 
latWin Ja;an locomtnil a cide 

Beevo tie fi^aol bav reported 9 cases 10 tbe Netherlands fridies in which the d h 
identihtdasTelredenertenrcat was cooked and eaten by a adults and schdiren One 
adult and one child d ed within s bouts of tbe onset ol symptoms 

The poreupio fishes or D odonbdse also are considered as poisr sous Tt ete fishes 
togeth T with the Temodontidse or broad nosed pufiers atr unsightly in appearance 
Among seamen they ate generally des gnated puff loads since they become distended 
with a ras t>ev ate dtawn out of the water It swell tecogmied that certain of these 
fish which may fait to cause poisoniog at one time may do to at another titne and it h 
pBtucul rty noted th t p nsoning effects occur at the time ol s; awn ng 

In the tropics fish nhich mav ordinarily be safe as food hecorne poison 
ous as a result of feeding on certain poisonous medusae and corals 
This IS psobably true of the barracuda which w eaten with laipon ly at most times 
Yet undoubted cates of poisoning with tb s fisb have occurred It has at o been sug 
gr«led that the bartocu la way ^ poisonous at ertam t mn in its hie for eaample 
during spawn ng or that U is subject to a mote rapid dec mposition at such Utues 
To lest reports of such poisoning Bloedom and Uakanssoa ( p 5) reported the 
eating ol barracuda with safety on s venloccasoBs This fish was one of those most 
comm nlycaughlmtheViestlndianwaterjwrtouodingPutrtoRicQ Thefsh eateo 
on several occasions varied from 8 to 5 pounds and one wei|hed »6 pounds One of 
the warn ngs from local fishermen was that very I tge barracudas were not safe Fish 
poisoning in the tropics from b rracuda or other edible 6 h is probably most often due 
to comroenemy puttrfacVion The wtiier has fetqueatly caught and eaten barracuda 
off the coast ol Spanish ll< nduias 

There art certa nspec sof thebemngfjmly wheb have a badrepuiaiion Among 
thwearetwospcciesof ifrfrna In NewCakdoa a Jr t enoja cau es painful cramps 
of the bodywilh dyspnoea cyanovs coUsw att and dilated pupils and at times death 
il i\n ia of the West Indies is aHo a very po .onoas fish 

Herre desenbrs in tbe Th lipp ne Journal of Science 60 ptc ea of po sonous 
and worthless fishes of the etd t rfectogsalfai 

Machi Ciqvijhasin cstiKatedthcloxcrffetlsof ire b muscle juices ft tmfij different 
arirties of f sh in ihe United Slates tbe toftaty being Mud ed by injections into mice 
»s well as by sludjiBp Ibe eStet the juirn llad npon the growth of Lufitius tliai seed 
Espec lly In Arnatoma the eatnww car^ifi a lender fsh ol tbe catfish family 
r>gid dae may bore into the ureihtcaofpeiseBS when bathing and cause severe bleeding 
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>n their body fluids n hich on contact with the human skin causes an acute vtsitatmg 
lesion which heals verj slowly (Bequaett *9^* Robeits »pd lontiog 1936) Cti 
taiB specie ol dung beetles may sene es aa uiteraiediste host ol Acan ia ephils and 
Ciingylonema 

Cone nosed Bugs.— These have been discussed on page jia (Triatonudst) Tli 
bites of certain species of RedHttus (kissmg bi^) or Tttalamt may cause nau ea accelers 
tion of pulse and respiration and urticana Speoesof Rssnhus (Cocsaiis] are noted (at 
the sevf/jjj of their bite which js often attend^ nith eelluhiis followed by bs temi 
infection and possible septicaemia \ ^>ectes R. itautlaiui u found la the Western 
United States 


Poisonous Fish 

Fxsh Poisonoas as Food ■ — ^IJ/ness produced by eating decomposeef fish, 
whether in the natural state or canned belongs to the general problem of 
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food poisoning There are however certain fish whose meat is poisonous 
when eaten m a perfectly fresh state 

This may be connected nifhcejtam^idenucdiseasesacooogfish that are ordmanly 
harmless as food \ arious bacteria] organisms have been isolated from such osb ana 
the poisonous effects have been attributed h> various ploaames elaborated by the« 
toxicogenic organisms ^lest of the orgainsins isolated from diseased £shiiaveWaa8*d 
to the colon or proteus groups Cases Iiase been reported of botulism like poisomog 
arising from the eating of insuftticntly salted <ish» These cases were probably due to 
the development of a soluble torui by C7 hauUnuS as such fish when cooked lost toot 
toaiCity The toim of Cl ielultnut is destroyed by best, whereas that due to 1 * 
Gartner or ordinary food poisoning organism withstands ordinary cooking lemptta 
tures This fiish poisoning by bacteria} products is designated teklkyofiirimos 
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Fish Winch Poison by Their Sting or Btte — Fish of the genus Muraena 
have well developed teeth which are in relation to a poison sac which 
secretes a \enoni which is introduced into the wound made by the bite 
There are also various rajs which are well known all over the world as 
capable of inflicting wounds 

In the sting eays (Ttygomdae) the tail is armed on the upper side with a barbed 
H me which in setae species is eaanected with a poison apparatus Some o{ these sting 
rays when wounding a person who may step on tbem while wading m the water may 
at the same time m culate tetanus bacilli which ate particularly dangerous because of 
the character o( the deep punctured wound In the electric rays (Torpedinidae) the 
dorsal surface is electrically positive and the ventral one negative To receive a shock 
one must communicate with the rer^edo species at two distinct points Some of these 
etcctnc rays are capable of teapotanly paralyzing the atm of a man 

Two of the best known poisonous fish are Trachnus draco and Scot 
P atna zcropha The flesh of these fish is wholesome as food T draco 
IS like a trout m appearance and has blue and brown stripes It has a 
groosed spine passing through each of its gill covers which is connected 
^itb a poison gland There ts also a poison apparatus connected with 
the dorsal fin 5 tcropka is an ugl> red fish with a large head and promi 
nent fins The French fishermen call u le diable The poison appara 
tus ts connected with the first three ra)3 of the dorsal fin 

Pertons m bathing who stnk« against these fos are more apt to be wounded than 
the fisherman who handle the fish with caut on ToVowing the wounding t person 
(iperiences itabbi g pains lo the affected past A sensation of suffocation follows and 
the victim may become delirious At times collapse and death result At the site of 
the wound we first have an eryiheo tous area which later becomes black and may 
become gangrenous As the poison rapidly enters the general circulation treatment 
similar to the local treatment of a in ke bite is called tor These fish teem to be more 
daAgetou dunng the spawniag period 

A species 5 pfnwim (the hon fish) has been found b> Bajley (1940) 
lo frequent the shoals of the fine bathtog beaches in Barbados where it 
hides in weed covered crevasses of the coral and bathers may be struck 
b) Its sharp spines or by stepping upon them The poison injected b> the 
spines often giv es rise to very severe sj mptoms the patient usually being 
found u rithing in agony the pain being comparable to that of renal colic 

There is often profuse perspuatwo Ibe p tient bemg pile dyspnoeic and with 
severe tachycardia. The pain is ootlocal zed la the case of a foot the whole estrem 
ity may be painful \omiti g accompauied by darhoea is frequent and after 
j* hours a rash may app ar rorlreatmet to recommended that the area around 
the p Qcturebe infiltrated with a s percent zolutioaol procaine and t 10 000 adrenalin 
hydrochloride 

Echinodercas — Earle (1940) has reported upon poisoning from a 
variety of sea urchin found m Barbados and other ^\est Indian islands 
The pathological effects are of two classes punctures from the spines and 
the pathological effects following the ingestion of the ova 

The speaes Trifnniitts t c I I t Bell (1S7S) is known as the white sea egg or 
edible sea egg It inhabits g een seaweed and la captured by diving boys who earn a 
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lings AH tbe fish thfy found in Ibeir toxic group nere regarded as inedible eieepttbe 
catfish and the «l 

Treatment —In alt forms of fish paiaonui; after logestion the most rfBotnt lint 
m«nt IS to immediately wash out the stomach and administer saline purgatives Tbe 
remaining treatment is symptomatic SUimilants may be necessary to countetset 
symptoms of shoct and injections of moqibine may in some instances be necesjary to 
alleviate tbe pain 

Barbour (1Q41) classifies poisonous fishes as fo]!ocvs 

Spiny fishes secreting an trrttant slime which ts cither genera]!/ dis 
tnbuted over the surface of the body or, more frequently, by glands situ 
ated at the base of highly dc%eloped spines which serve to inject the poison 
The Sting Rays TT\ion or Z^tfjyiofn are typical among £/(;r««’Jr<7wbj 
Scorpaena, CAifninyt/eris and the fresh water cat fishes, such as /jwri«r»J 
are examples among TtUoslt In some of thes** the poison is very vim 
lent In others only slightK trtuant 

Id some fishes such as ifurania, th** poisonous slime glands occur in 
connection with the dentition There are many species in this genus 
In some there ts a complicated poison of many ferments, virulent and with 
divers effects 

In other species poisoning follows the eating 0/ the flesh This causes 
a disease knov n m the Caribbean area as Ciguatera symptoms of which 
vary with the species and the susceptibility of the individual There « 

t Castro enterx. form tbe most frequent and btmgn It may however result w 
death With epigastric pain beadacbe cramps tenesmus muscular droopings nausea 
votnititig (billed eTiremtiies syncop tndeoibnsm even desquamation 

a Algide form very rapid after eating * poisonous fish by reswa at the loarfiste 
nervous symptoms altemste paralysis and convutsioos cyanosis coma and death 

Of 2 many cases have been reported from New Caledonia after eating 
a local herring (Cltepea xenencso) and a load fish {Telredon wefiifafiins) 

Treatment in any case is purely symptomatic in spite of many locii 
nostrum One should empty the digestive tract, use emetics stomach 
washing, purgatives and enema Apomorphine is useful Stimulants 
should be employed to support the heart and to counteract the other sy mp 
toms of shock 

In many locaLu s there are fecal laws prelubrtuig tbe »a!e of fishes kno vn frequent y 
to be poisonous At St Simons Bay ^utb Afnca ships are notified on arrival to 
b/"n are of the local Tetre^an In Tahiti Cta^ea thrma H prubibittd b tween 'fay 
October There are laws in Cuba and many other places prohibiling the sale 01 other 
species 

Venomositv appears m a sporadic and spontaneous maoner m one genus bdo nor 
m snothet 0' the same family or w one opeaea and oot in another of the same genus 
hut does not appear to be individual given the same condition of age time or year or 
sexual maturity , . 

The pnacipsl cause rests m the metabolissn of the fish itself and is to be consiaereo 
as the exaggeration of a normal fimclwn the toxic function is nit to beconsderedasa 
pathologic phenom non but purely a coBcomitant cl eummalion 

The toxicity » the most active when the sexual processn are most active le dumg 
the breeding season For example the are vwiomoos in our pickml 

In man (the human being) puerperal mania 01 irania dunng pregnancy may f 
considered as offering essmples of autmatoxiMtjon of a similar type 
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co8t*nt thsiv sea water Ftesh water raaisda have an econonuc value in the use ol 
theif shells for button mating Briiit* jU effect* nUteff to idwsyncfasy poisoning 
leadingtoparalysiiotevendeathnuyoceur In CaWornja (tgi?) tberewerereported 
io» cases of mussel po soiling withfidraths tie symptoms de eloped m 10 to 30 nun 
utes alCec ingestion The toxin seems to be thenoostable and 1$ ab rnt except during 
the spawning season (Jane Uuougb Seplnabet) A few eases e»{ poisoning some of 
which were fatal have been reported from the Sooth racihc due to the bites and 
absorption from the poison gland of MoBosts especiaUy Coruj ge % phus (the cone 
sheUs) 

POISOhOOS COEtEVtERATES 

In the phjlum Coelcnterata we find animals of very simple structure 
only the sponges and protosoa having a more lowly type It is customary 
to distinguish two morphological types of coelenterates the polyp and the 
medusa 

The Polyp "The best example ol • poyip is a sea anemone 

Quite interesting m the study of immunity a the constant association of an anemone 
with certain hermit etsb* The anemone covers the soft tail-eod of the crab thus 
protecting the aab from attac&s by its eotouts The mouths of the two animals at* 
m close turUposition so that the food of the mb is shared with tbe anemone Tb s 
crab ae^uiTts an immunity to the poison el the soeaiane prohshly as the result of 
frequent tn|«t on of fragments of aneaione Other crabs art very sens live to the 
antnoat pnison suffering paralysis and death The poison of Certain antmoses may 
even harm other aaerDones 

A condition known as la mtladie des plongeurs occurs among the 
sponge fishermen of tbe Mediterranean This is due to stinging by 
ffnemones and is characterized by marled achiDg burning nrid erythema 
In some cases the skin of the affected area becomes necrotic and sloughs 
off leasing an ulcer Lev in and Behrman (1941} m the West Indies have 
described Coral derrciatitta from the Coral polyp of the genus dcfinto 
Species of the genus and Heffenopo/y pus may in addition to 

local lesions causes nausea and \omtimg Application s of vinegar and of 
olive oil are recommended for its local symptoms 

Tbe Jellyfish ( Medusa) — ^This umbrella file coelenterate has tenacles 
which hang down from the margin of the jelly Gvh 

As s rule jelly hehes sre hsmiles* but certain epcciex produce unpleaunt or even 
stnou* effects by their sting Cam ol leswns foUoxiing conUrt with unspecified 

jellyfish bate been reported by AUen (i9?o) and Stewart (tgir) The local rash 
in Allen » cate was f Ilowed by peruse weeping eczema byaphivDia and by laxynplis 
last Eg for lour week* Aoki (19x3 ipxy) portiays tbeievere effrcti besides urticaria 
of tUngiog by Ol nj aid t /ormoto— thick acute eaed ac distress dyspnoea muscle 
pains and as a (loss hie sequeb emanation 

In the Mediterranean a jelly fish Rht orfoma pulcat produces oedema 
and urticarial eruptions as the result of its sUng In many parts of the 
tropics jelly fishes are found xvbich give nse to quite serious symptoms 
In the Philippines there arc certatn species of jelly fishes which cause sen 
ous illness although as a rule one ejpcncnces no discomfort from coming 
in contact with many other species while swtmming in the waters of that 
part of the world 

Accord Bg to light the ipeae* of Da ly/ awi « tal} d losforo" by the nativei 11 
the most dangwoui one there eocoimtCTeii Ithaalang tibboQ I k* era! lappet* and u 
tJender wh te nirpRat teoude*. To th»th«ati|i£ nieffected bynemalocyitbaUenei 
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living by Us cultivation and sale In sue it may attain a diameter of 14 cm aad 1 
height of 9 5 cm The spines are short slender and sharp pointed and in color ate 
white or whitsh The ova are orange colored and he in sections inside the test which is 
brownish purple or sometimes a deep greenish brown The ova are regarded as a 
delicacy and may be eaten raw They have a sweetish taste like those of the Jlediter 
ranean sea urchin Usually however they are first boiled and then fried 

The spines of the red sea urchin described by Castellani and Chalmers are poison 
ous and in this species they only cause trouble if allowed to remain »» «/« m the punc 
tured wound usually sustained in the hand of those who collect them or on the feet m 
bathers As the sea egg is notan everyday article of food allergic reactions may follow 
Its ingestion consisting of abdominal symptoms including epigastric discomfort pam 

nausea vomiting and diarrhoea Urticaria varying in extent is al o known and may 

follow the ingestion of fresh or cooked ova Aside from allergic reactions digestive 
disturbances may arise in specully susceptible individuals with whom they seem immedi 
ately to disagree 

A second species known as the black sea urchin (Ctnlrechinus anttllarum Clark (191^) 
has sharp spines with small barbs along the entire length and hence it is difficult to 
remov e them and some prefer to apply antiseptic processes and wait until suppuration 
occurs The ova of this species are not eaten 

Molloscs and Disease 

The importance of disease transmission by snails has been taken op 
under the helminthic infections caused by flukes 

Oysters —There are more than too species of true oysters {.Oilna) exclusive of 
various allied forms such as the pearl oyster or the window pane oyster Oyster* 
belong to the class Lamellibranchia and the two most important edible species are 
0 tdtUts the European oyster and 0 virfinua IbeAmenco Canadian one Theques 
tion often arises as to the edibiLty of oysters which are green in color This color is 
considered desirable in certain European countries and may be produced w France by 
feeding the oysters a diatom Aanculo otlreana The green pigment 1 presentiaihe 

giUs and palps Such greening may be natural Sometimes there is a green color of the 

body of the oyster due to copper 

Typhoid Faer and Oysters — ^There have been numerous outbreaks of 
typhoid fever in both the United States and England for which the eating 
of contaminated oysters was responsible Oysters may be contaminated 
when growing m sewage contaminated beds but in the studies of typhoid 
infection from eating raw oysters the blame has been placed on polluted 
water used for floating oysters If the water in which the oysters are 
placed for storage (floating) is pure such a process makes the oyster safer 
At present floating in chlorinated sea water is of particular sanitary 
advantage Outbreaks of typhoid fever as for instance that of the N k 
epidemic of 1924-1925 when more than 100 deaths from typhoi*^ fever 
were recorded have led to official regulation In uncontaminated salt 
water studies have shown that the oyster gets nd of the typhoid organism 
in from two to three weeks 

It IS probable that the only ground for considering a sound oyst« as 
capable of causing food poisoning is from its effect on individuals with an 
idiosyncrasy to shell fish — and such idiosyncrasy seems not uncommon 

Mussels These al Q belong to the da s lamellibranchia Mussels are 

distributed and in Europe form an important article of food (the edible mussel 

ediihs) They seem to thrive better in saline waters which have a somewhat lesser sa 
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in the tout long nbbon like eraj palps JLeianemt called by the natives lantern* 
IS of large siae white or white and purple m color and stmgs by the long filameotj 
which anse frojn the mouth arms Stilt tteated a number of cases of jelly M Jtis| 
log in the PhilUppme* which presented symptoms ranging from a mild erythema to those 
show ing atarktd congestion of the mpmtory' tract and other general symptwns 

Old has described these symptoms very accurately and notes the 
{ollowiQg 

The symptoms appear m from ten to sitty mmutes -nith marked h>i 
tencal manifestations incessant cough and coryzal signs Lightbeheves 
that the cases described by Old were due to slinging b> PJCf)!meUii 

Wade describes his own expenence with a jetty fish stmg while swtcutiingm MamU 
Bay The teDtades beCAme wrapped about the upper arm and tUnging was insla* 
tancous as the tentacles did not cling The poison did not reach the conjunctival cr 
other mucous membrane There was at once a sensation of burning in the atea of con 
tact but It was i j mmutes before other symptoms appeared There was pain w the 
loins and also in the scrotum This was followed by a ctinoua restlessness aodntah 
cess then a sense of constriction in the throat with chest ^scomfort and then coryu 
and lachrymatioB The symptoms abated and withm an hour there only irntawtiJ 
weakness and soreness of the bronchi A cesicofardermatitH appeared on tkegrmtxd 
the traces of the sting had not disappeared after a or ^ weeks 

Other cases hate been reported associated with feeble heart action and 
semi conscious states There is always to be considered the possibility of 
one s drowning when in the emotional or semi consaous state Wade 
describes a death m a robust Fibpino who was slung on the leg His com 
panions were onlj a few yards away but by the lime the> had reacbed 
him he had collapsed and was gasping and livid and was dead a f*'' 
moments later It was at first thought he bad been bitten bj a sea snake 
but there was no mark on the Ug except conspicuous purplish discolors 
non On autopsy he showed status lyrophaticus with persistent thymus 
acute congestion ol the viscera and o^ema of the Jungs 

The Pntluguese man-nf war (Fhysoli*) has foog locomutive tentseles 
out ftotn 30 to 50 feet as the animal w Mown along by its pearly purple crested badiM 
like float or sail The thread «Ha are capable of inflicting nther painful sUngs wdm 
haodJed wUhout a Lnoniedgeof the effect of awtfflig Hi cooUct with fhrss thrMd cel s 

Along the coast ©f eastern Rgrida there are occasrons w hen gteal swarms of a sinai 
very dark, brown tftditso occur near the shore niese are about the SJ*e ol a shi^g 
now called Linuthe iinjKwuJaJj It was formerly better known as liHtigts iws 
species IS so abundant that very severe stinging occasionally occurs the syropt*®* 
being similar to those described above 
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Classification or Akiwac. TAKAsiTts 
(According to Stiles) 

t Uiucelluke aninuli (i> about tissues) as the paissites of malina Ptotaeo* 

Pluricellutar snimsls {mth tissues) metAZM e 

2 Body tnoie or Jess Qattened ipno ventraHy <i 

Cody ordiftanJj' round »a transtmo section 3 

3 Body never annulited neser provided mth legs )A«ss^Kiit S 

Bodyannuloted or at least proytded mtb jnoutb ports usually brescbe through a 

Itatheal system adults with jointed (tg$ «r other appendages 7 

4 lotegline but no anus present oneor tao leichers freaent bod/ not segiowjted 

parasitic lb la er lungs blood latestiae occasionally elstv<heie dukes 

irematcda 

Intestine absent tv « or {our suckers on head body t>I adults gegmcRted tissue 
usual}/ contains calcareous corpuscles adults (Upeirorsis) porautic in totes 
tine larvae (bladder worms) paiasilic »lse*here Ceatoda 

Iflteatinr and anus present suckeron pottenweod bod/ aonulated like an sattli 
HoriQ parasitic ig, upper atr passaged or exleraally letches blood suekets 

Hirudine* 

5 Intestine absent aea»d rostellum present very rare in mao la intestine thorn 

headed n-ormr AcanthoetphiU 

Intestine present no armed rostdiam Iserajtoda 6 

6 Intcstiae rodnoeatary w adults lateral chords absent rare acadental parasites 

m mtestme of man hair snakes or horse baif bOTbis Gordiacea 

Intestine present lateral chords preseni parasitic in inlestioe jnustles lympbat 
ICS etc s«y cunjinon and important roundworms Eunematorfa 

j Six legs pTfsrnt ID adult wings present in most specim larva aanulated much like 
an eirtbwoTtn breathe through tradiea adolis ectoparasites occasioniHy 
larva u patisitic under skw or >a nouods or an atcidenta! parasite in the 
latesune or bladder insects Insects 

Eight legs present In adult ax legs m larva head and abdomen eoal«ced ecW» 
parasites some burrow undertbeskiaorlrveiD the haufolhcles acanoes 

Atanc* 

Four claws around the mouth Jarva encysteidi in various organs adult occasion 
ally parasitic in nasal passages tongue worms lADgostulidae 

Numerous legs present occasionally accutenul parasites la nasal passages or int« 
tiae thousand Seggers Jfynspoda 
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SECTION VIII 

GENERAL AND STATISTICAL 
CONSIDERATIONS 


Chapter LIV 


PROBLEMS OF MEDICAL PRACTICE IN THE 
TROPICS COSMOPOLITAN DISEASES IN THE 
TROPICS 


In the diagnosis of infectious processes m temperate climates one often 
keeps m mmd sjphilis tuberculosis and the pjogenic infections when the 
diagnosis is in question In the tropics these conditions are just as 
common and added to them we encounter manj other diseases with 
protean manifestations as in malaria benberi leprosy anolosioniiasis 
and other helminthic infections pellagra and amoebiasis 

A common mistake that may be made b> the ph>sici3n when he first 
arrives m a tropical countr> ts to e<pect to deal chieflj with diseases 
designated tropical Oefore going to any tropical country a most impor 
tant preparation is the study of statistical reports from that section 
covering a number of years However such records are often not to be 
found Everyone taking up the study of tropical disease should study 
the geographical distribution of such diseases and those practising in 
temperate climates should remember that one of the first questions 
to be asked a man suspected of having a tropical disease is UTitre have 
you bcin during the past months and yean? Then too jt is often 
advisable to apply the same question to intimate associates of the patient 
Uhilc a m^ical man is apt to have superabundant energy during 
the first few months of his tropical service this later may give way to the 
oppositestalcandinparticuIarloalacLofimtiative It may bepossiblc 
to do that which is absolutely demanded in the daily work but one may 
feel that beyond the lines of routine requirements it is difficult to under 
take new investigations and the more difficult procedures for diagnosis 
Consequently while m possession of full energy and zeal one should 
formulatea method or svstem of history taking and physical cxanMnation 
applicable to the diseases prevalent in the country in which he is working 
and make this a routine proceduit 

The close observer will note at a glance such obvious cbnica] mani 
fcstations as skin pigmentation eruptions ulcers malformations, emaaa 

tiit 
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and popular ideas as to nature and causation oi disease \A’hen employing 
a natue interpreter it is ahvajs well to keep in mind the /act that such 
assistants will rarely admit of ignorance of the language to the medical 
man and furthermore thej try to twist the answers of the patients to 
make them agree with what they may think is in accordance with the 
desire of the eiaminer In many parts of the tropics the history obtained 
from the patient in regard to his age is often very untrustworthy Again 
in carrying out the physical examination it is difficult to be certain that 
the findings as to location or degree of pain sensations or time of appear 
ance of lesions as well as data as to pulmonary, renal and alimentary 
tract disorders are correct 

It IS not difficult in some localities to train a native helper to make and 
stam correctly good blood films as well as to examine such preparations 
and the same holds for preparations of the unne and faeces The skill 
m making preparations the familiarity with pathological findings and the 
patience in studying a preparation on the part of these assistants is at 
times a matter of surprise In regard to the intelligent and reliable 
examination of such preparations it is advisable for the physician to 
confirm the diagnosis himself by having the native attendant demonstrate 
any parasites he may encounter 

It has been emphasized that tropica] diseases do not necessarily 
predominate m most tropical countries Many important infectious 
diseases are characterized by their cosmopolitan nature The prevalence 
of some of these is often modified by a tropical environment 

Stitt made a valuable statistical study of the cases reported from the 
hospitals of the United Fruit Company located in Cuba Jamaica Colom 
bia Panama Costa Kica and Honduras In order to contrast disease 
prevalence in the tropical part of the new world with that of the Orient, he 
selected the figures of the Philippine General Hospital as affording statis 
tics which ma\ be accepted as particularh reliable in view of exceptional 
opportunities for accuracy in diagnosis afforded that hospital by reason 
of Its close affiliation with the Philippine Bureau o{ Science 

The statistical reports recorded in the table of the cases of the hospitals 
of the United Fruit Company arc for the year igz? and in the returns 
of the Philippine Ceneral Hospital lor the year 19*4 

The United Fruit Company in 19 7 employed in its tropical stations 
approximately aooo white personsand 52 soocolored persons Including 
members of families and non employees the medical department had 
supervision over or direct contact with 140400 persons Dunng the 
year *6 763 patients were treated in its hospitals and 150 S63 in hospital 
dispensaries Including ho pilals dispensanes and field dispensancs 
jyS U7 persons were treated dunng the year The death rate among 
white employees was 5 65 per thousand and for colored employees 9 9S 
per thousand 

According to these statistics pneumonia diseases of the heart and 
artencs tuberculosis cancer and acute and chrome nephntis were among 
the chief causes of death In nonnal labor no death occurred in 368 
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tion djspnoea and manj other outstanding signs of disease Logical 
deduction from such observations wiH often suggest the proper laboratory 
procedures to follow in order to make an accurate diagnosis 

The general examination of the patient may be based upon the ana 
tomical plan examining one portion of the body at a time or the physio 
logical examination of the organs by systems Either plan should be 
followed by a more detailed examination of the system or part of the body 
which seems to be principally at fault After such an examination one 
is in a position mtelhgenlly to outline definite laboratory procedures 
The accumulated evidence obtained by observation history physical 
examination and laboratory data is then considered and a provisional 
diagnosis arrived at Diagnosis will be confirmed or denied bv further 
study, additional laboratory aid or progress of the patient There are 
many pitfalls in the way of the diagnostician in the tropics and one should 
approach each new patient with an open mind and especially guard against 
becoming possessed of fixed ideas or the making of snap diagnoses 

We all know how difficult it is m temperate climates at times to find 
definite pathological conditions id people who complain of illness and jet 
ivho are apparently well In such patients a definite finding of a cause 
sufficient to account for an illness is usually the key to the diagnosis 
With those from the tropics however it may be different Thus a single 
individual exceptionally may be found upon examination to have amoe 
blasts, malaria filanasis and syphilis yet none of these infections may 
prevent him from following his usual occupalion When such a patient 
enters a hospital ward it requires a correlating mind to eliminate four ot 
five definite diseases, and to recognize in addition some disease which is 
also existent and common to both tropics and temperate climates as tor 
example typhoid fever 

In diai,nosis in the tropics it is important to have a knowledge of 
the various phy sical signs and subjective symptoms more or less character 
istic of every disease of man as well as of the procedures necessary for 
laboratory diagnosis Often it is only when one has assembled all 
obtainable information that the solution of the medical problem becomes 
possible 

Furthermore it is necessary to be familiar with the fact that certain 
infections, which at times give rise to marked alterations in the health of a 
patient may at other times and in particular when different races of miro 
are concerned give rise to no recognizable interference with healtn 
This is particularly true of certain belimuthological diseases as for instance 
the slight effects often noted in hookworm infection in the African races 
as against the marked damage to thoxe of the white race harboring such 
parasites 

We do not always fully appreciate the assistance the history of the 
present illness as well as personal and family history of a patient may give 
us although It IS generally recognized as the first line of approach in 
diagnosis In the tropics when deahng with natives we may have the 
difficulty of languape to contend with as well as with native superstition 
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and popular iduas as tonatureaDdcau^tionof disease ^\’hen empIo)ang 
a native interpreter it is alwajs well to keep m mind the fact that such 
assistants will rarely admit ot ignorance of the language to the medical 
man and furthermore they tr> to twist the answers of the patients to 
make them agree with what the> ina> think is m accordance with the 
desire of the erammer In man) parts of the tropics the bistor) obtained 
from the patient in regard to his age is often very untrustw orth) Again 
in carrjing out the ph)sical examination it is difficult to be certain that 
the findings as to location or degree of pain sensations or time of appear 
ance of lesions as well as data as to pulmonary renal and aUmentar) 
tract disorders are correct 

Jt IS not difficult in some focalilies to tram a native helper to make and 
stam correctly good blood films as well as to examine such preparations 
and the same holds lor preparations of the unne and faeves The skill 
in making preparations the familianty with pathological findings and the 
patience in stud>ing a preparation on (he part of these assistants is at 
times a matter of surprise In regard to the intelligent and reliable 
examination of such preparations it is advisable for the physician to 
confirm the diagnosis himself by having the native attendant demonstrate 
any parasites he may eocounter 

It has been emphasised that tropical diseases do not necessarily 
predominate in most tropical countries Many important infectious 
diseases are characterized by their cosmopolitan nature The prevalence 
of some of these is often modified by a tropical environment 

Stitt made a valuable statistical study of the cases reported from the 
hospitals of the United Fruit Company located in Cuba Jamaica Colom 
bia Panama Costa Kica and Honduras In order to contrast disease 
prevalence in the tropical part of the new world with that of the Orient he 
selected the figures of the I bilippme General Hospital as affording statis 
tics which mav be accepted as parlicularlv rehable m view of exceptional 
opportunities for accuracy in diagnosis afforded that hospital by reason 
of its close affiliation with the Philippine Dureau of bcience 

The statistical reports recorded in (he table of the cases of the hospitals 
of the United Fruit Company arc for the year ig:y and in the returns 
of the Philippine General Hospital for the year 1924 

The United Fruit Company in 1927 etnploved in its tropical stations 
approximately 2000 white persons and 52 joo colored persons Including 
members of families and non employees the medical department had 
supervision over or direct contact with 140400 persons During the 
year 26 763 patients were treated in its hospitals and ijo ^63 m hospital 
dispensaries Including hospitals dispensaries and field dispensanes 
238117 persons were treated dunng the year The death rate among 
white employees was 3 65 per thousaod and !or colored employ ees 9 gS 
per thousand 

According to these statistics pncamonia diseases of the heart and 
arteries tuberculosis cancer and acuteand chronic nephritis were among 
the chief causes of death In normal labor no death occurred in 36S 
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cases m the United Pruit Company s hospitals and but in 3 in 1574 cases 
at the Philippine General Hospital 

Notable among diseases important from an economic standpoint are 
\ enereal diseases, malaria, filanasis jairs and hookworm infections whicb 
have a distinct bearing upon mortalit> rates nithout being a direct cause 
of death The annual mortality rate among the inmates of Bilibid 
Prison in Manila was reduced from about 238 per thousand to about 
75 per thousand bj general sanitary measures After the prisoners 
began to be systematically treated for intestinal worms the death rate 
was further reduced to 13 $ pet thousand (Heiser, 1908) However this 
reduction was not alone due to the removal of the helimuthic infections 
but to other general sanitary improvements made m the prison life 
improved diet, etc 

In contiection with the statistics of the Philippine General Hospital 
U should be mentioned that cases of leprosy, cholera plague and small poi 
m Manila were sent to special hospitals for these diseases and not to the 
Philippine General Hospital The number of cases in anv year oi such 
diseases as cholera or plague would depend upon the sire of an outbreak 
or epidemic 

In the table above it may be noted that no case of scarlet fever was 
recorded Diphtheria measles and cerebrospinal fever while showiaj 
a preference for cold weather, prevail m tropical as well as temperate 
climates It is interesting to note that no case of pellagra was reported 
by the Philippine General Hospital and that while fewer cases of benben 
were treated in the United Fruit Companys hospitals the disease was 
present in both localities 

Choisser working m Haiti found that m 300 autopsies tuberculosis 
was found to be the cause of death in 99 cases syphihs in 9 and cancer m 
7 Of 210 patients cottuog from all parts of the Island dunng 1927 
cancer was found in 38 

A few of the important cosmopolitan diseases are referred to alpha 
betically below 

Aluneatary Trset — Acute sppendiatisio Joduas both among Moslems and ILnd'is 
has been reported as exceedingly rare Rfaosoa Bahr (1940) has seen onty i cases m 
an evpenence of over 30 years He also empbasms that inflammation of the appenait 

IS rare in natue races generally and that fulminatingcases requiring immediate operation 

seldom occur in marked contrast to the frequency w European residents ^ ^ 
other hand the statistics given m tbe table show 154 cases m Central America and i4sS 
cases in Jfanila the greater proportion in natives Probably the great wajonV ®‘ 
natives in the tropics especially those Lviog in rural communities who suffer attacks 0 
appendicitis either recover or succumb without ever applying to a physician or surgeon 
for treatment . 

The occurrence ot appendicitis in connection with helminthic infections is refertea to 
in the chapter 'VXIII on cosmopolitan nematodes and in tbe chapter on schistosomwsi* 
XLVII 

Gazlrte Ulcer — DeLangen (1936) has collected statistics showing the 
rarity of gastric ulcers among the natives in some countries As a result 
of •*170 autopsies Kouwenaar came to the conclusion that ulcers of Ine 


rROBltMS or UEOlCAt PRACTICE l*I TH£ TROPICS I567 

Stomach and duodenum are found in only i per cent of the male Javanese 
and o 95 per cent of the female against lo t per cent amongst the Chinese 
and 5 6 percent amongst the Khngs Bonne in 1338 autopsies on natives 
in Netherland India found gastnc ulcers onl> $ times {037%) and 
duodenal ulcers onlj 8 limes (063%) Of the s patients with gastnc 
ulcers 4 were suffering at the same lime from a severe grade of tuberculosis 
and the appearance 0/ the ulcers led one to think that Ihej might also 
have been tuberculous in origin Among 541 autopsies of Chinese in the 
same period of time gastric ulcers were found 16 times that is a per 
centage of 3 per cent which figure agrees with some of the figures found 
in European statistics 

Castellam reports in his book that in his tears of practice in vanous 
parts of the tropics he only saw 2 cases of gastric ulcer among the native 
races hlcGarrison in Hunza in the Himalayas never saw a single sufferer 
from gastric ulcer In Bengal on the other hand in other words in the 
heart of tropical British India manv sufferers with gastric ulcers are met 
with according to Houston 

Pel in Egypt seldom observed gastric ulcers From the annual 
reports of South Africa it would appear that gastric ulcer i» also quite 
infrequent among the coloured races of that part of the w orld The same 
applies to the Belgian Congo On the other hand reports from Abyssinia 
show that this di ease is bv no means uncommon there while the same is 
reported of several negro races living in the high plateaus of Centra) 
Africa In China the reports of \orii$ch and of certain missionary 
doctors in South China and of Fischer indicate that gastric ulcer is very 
rate in that country On the other hand Oppenheim in too autopsies in 
Hongkong found gastric ulcers it times In Central Ameraa in one 
year there were 31 cases of ulcer of the stomach and duodenum and in 
Manila 86 

Other reports show that this condition may or may not be common 
The reason for its prevalence in some areas is not clear but some of the 
evidence presented suggests that it does not apparently depend upon the 
grade of gastnc acidity although dietetic causes have been suggested 
A simple carbohydrate diet does not predispose to it 

C orcinomacf iht Stomach — Malignant giowlhs of the stomach and other 
parts of the alimentary tract except m the cases of rectal bilharaiasis 
p 1410 are rare in natives Del^angeit who has made a special study of 
the subject emphasizes its ranty in the Javanese Reports from Irdia 
and from Central Africa also indicate It IS rare On the other hand the 
prevalence of primary carcinoma of the liver is emphasized in both the 
East Indies and among the negroes in parts of ‘kfnea 

Allergic Piseases —The importance of food allergy in the diagnosis of 
clinical rramfestations should be recognized Beside the reaction from 
certain foods thereare many othercauses such as pollens animal emana 
lions including feathers and hairs smote and dust bacteria especially 
of the rcspiratorv group and response to the inj ction of foreign proteins 
whether sera for therapeutic use or by inoculation by biting arthropods 
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There also seem to be contributory factors such as dvsfunction of the 
endocrine glands emotionaUtates, heat light and cold The symptoms 
of allergj or idios 3 ncrasj, as it is often termed extend from a fatal 
shock ushered in with severe pam of head and back rapidlj falling blood 
pressure and collapse, to mild attacks of erj thema, urticaria or asthma 
Nasal pharj-ngeal, larj ngeal and gastrointestinal sj mptoms also ma> be 
noted as well as arthritic attacks angioneurotic oedema and eosinophilia 
The influence of heat and light is often more intense in the tropics 
than m temperate climates especially that of light, and the photo dynamic 
qualities of many fluorescent substances may be very toxic or tend to 
produce alteration in enzyme action under the influence of sunlight 
Allergic disturbances have been more commonly observed among Euro 
pcans residing m tropical countries than in natives One of the best 
known of the allergic states is that associated with scrum sickness, where 
after about 8 days as a minimum following the injection of a therapeutic 
serum, there may be the development of fev er, urticaria, hypotension and 
tenderness and stiffness of the joints Stitt suggests that the early symp- 
toms of Japanese bilharziasis may be of this nature see p j68o 

Anaemia as a clinical feature is observed almost every where in tropical 
countries In addition to the anaemia which is so prevalent m the tropics 
from severe malana and ancylostomiasis and which also occurs mflar 
ionella infection and sometimes m association with Piph^lhboHiftum hhi”' 
and in the deficiency disease sprue practically all other forms of anaemia 
which have been described m temperate climates may be encountered 
The forms of anaemia resulting from specific conditions haie been dis- 
cussed generally under each disease However on account of the special 
importance of the subject in the tropics a brief statement regarding the 
classification and different forms of amemia is here deemed advisable 

Classification — Stitt Clough and Oough (1958) have pointed out IhsttheieaM 
single scheme of elassificolion of the anaemias which is comprehensive and satiUMtoV 
The most logical method is based on tht palioftitesis of the anaemia (i) 
loss of blood the poslhaemorrhagic anaemias (*) Those due to inadequate blood 
formation the deficiency anaemias and the aplastic anaemias (3) Those due to 
increased blood destruction thehaemolvtic aniemias There aiepracUcal difllculties m 
the application of this classification because m rnany cases inadequate blood formifioo 
and increased blood destruction both play an important role ^eve^thelesa this raetbo 
has been Utilized as far as practicable ID the following discussion 

From the fiorphological standpoint the anaemias may be classified according to tpe 
mean corpuscular haemoglobin or color index as hyperchromic normocbrotnic or 
hypochromic and according to the mean corpuscular volume or volume index as macro 
cvlic fmegalocyuc) normocytic or nncroc^ti This classification has practica 
significance since in general macrocytic anaemias are benefited b/ fiver or liver 
extract whereas the hypochromic anaemias ate helped by iron The teitns however 
should be regarded as descriptive and not as diagnostic. The terms normocytic 
and normochromic should be understood to mean merely that the aierat* volura 
ot haemoglobin content of the red cells u within normal limits Otherwise they may h 
misleading since tbe cells may be abnormal 10 other respects and individual cells may 
be markedly abnormal m size and cbl t 

The current tendency is to drop the use of the old terms primary anaemia su^ 
posedly due to some inherent disease of the blood forniiog tissues and secondary 
anaemia due to some obvious extraneous came 
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The following classification and description of the Anaemias with 
very few additions is given b> Stitt Qough and Clough 
A Anaemias Dde to Loss op Blood 
These anaemias are hj^pochromic and usually raicrocjtic 
1 Acute Posdia«n«frhagic Anaeima — The danger to life ftotn a 
single profuse haetnorthagc is from circulatory failure (shock) due to the 
lack of a sufficient volume of blood to fill the vessels and not from a 
deficiency of haemoglobin The first step in regeneration after an acute 
haemorrhage is the restoration of plasma volume by the passage of tissue 
fluids into the vessels This results in a dilution of the blood with a 
gradual fall in red cell count and haemoglobin which is not complete 
until from 24 hours to j or 4 days after bleeding has ceased The resulting 
anaemia stimulates a rapid production and outpouriitg of new red cells 
which at first are normal reticulocytes After a few days however the 
new cells tend to be imperfecily formed to be inadequately supplied with 
haemoglobin and to be hurn^ into the circulation before development 
(maturation) is complete Reticulocytes are increased poljchrotnato 
phihe cells appear and occasionally a few normobbsts There » usually 
a neutrophilic leucocy tosis and an increase m platelets Many of the new 
red cells are smaller than normal and are pale The color index and 
volume index fall W ith the influx of new cells there is a gradual nse in 
the red cell count and (more gradual) in haemoglobin The maximum 
abnormalities m the cells however are not reached until about the eighth 
Of tenth day In otherwise normal individuals completely norma! con 
ditiona are restored usually after about 30 to 60 days 

3 ChfOiuc Posthaemorrhagic Aosenua —The changes in the blood are 
usually similar to those described above but they tend to become more 
marked In severe cases there is a marked degree of amsocjtosis a 
majonty of the red cells arc smalter than normal in diameter and volume 
microcv tes are numerous and some poikilocj tes may he present As the 
iron stores of the body become depleted the concentrabon of haemoglobin 
in the cells diminishes the color index and the saturation index fall and 
the cells are pale The centers mav be colorless so that the cells look 
like rings (pessary forms) TTiere is no increase in the bilinibm in the 
scrum This is the Ivpicxl picture of a bvfoclmmte tnicrocyftc cnatmii 
The degree of anaemia may be severe Counts of a million red cells 
and 20% of haemoglobin arc not unusual and rareU they may fall to 
half these figures 

The bone marr w is bi-p rplaslir and the pt d imnant celli ace Boctnablitls The 
litty mat ow ol the tibia sntolherlongboneiuQtteR replaced by such red hypitip!*s*'V 

Wh. 1 sell « I mti on at r 1 etHs < BUnues ihioiaturt ttUs will Ij* present In 
«« Mth proltacted bleed ng however the tnarrow may become ethaosled (apUstie) 
In such c»s s lb immaiure red «I!» dmppeat ind there may be « reducUgn in the 
number of leukoc)les and pi Itfcts Ja exceptwna] cases of this tj-pe partifuUrly 
vbose wilh long cotjtinurd small haeuonfaagn the few tells which ate lortoed may be 
more neatly norma] and the color index may approach i o 
Idenucal changes art met w Ut la ki* km r m 1 / ertew 
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There also seem to be contnbutoiy factors such as d>s/arrtjon o5 
endocrine glands emotional states heat light and cold The s^Tuptoms 
of alicrgj or iiliQs>ncrasy, as it is often termed extend from a fatal 
shock, ushered in ivilh severe pain of head and back rapidlv falling blood 
pressure and collapse to mild attacks of crjthema urticaria or asthma 
Nasal, pharjngeal larjngeal and gastrointe^tim) s>jnptoms alsoraaj'bf 
noted as well as arthritic attacks angioneurotic oedema and eosinopbilia 
The influence of heat and light is often more intense in the tropics 
than in temperate climates, especially that of light and the photo d) narwe 
qualities of manj fluorescent substances ma> be v ery toxic or tend to 
produce alteration in eiu>me action under the influence of sunlight 
Allergic disturbances have been more commonij observed among Euro- 
peans residing m tropical countries than in nativ es One of the best 
known of the allergic states is that associated with serum sickness where 
after about 8 da)s as a minimum following the injection of a therapeutic 
serum there may be the development of fever, urticaria, hvpotensioa and 
tenderness and stiffness of the joints Siitt suggests that the early symp- 
toms of Japanese biiharziasis may be of this nature see p i65o 

Anaemia as a clinical feature is observ ed almost c\ eryw here m tropical 
countries In addition to the anaemia which is so prevalent in the tropics 
from severe malaria and ancylostomiasis and which also occurs m Bar 
tonella infection and sometimes m association with Dtphllobolhrutm lat«w 
and in the deficiency disease sprue practically all other foTms of anaemia 
which have been described m temperate climates may be encountered 
The forms of anaemia resulting from specific conditions have been dis 
cussed generally under each disease However on account of the special 
importance of the subject m the tropics a brief statement regarding the 
classification and difleretit forms of anaemia is here deemed advisable 
CJnsfiJSfoISfn — Stilt CJoiigh a»d Clou{,b (lojS) have pointed out that there 
single scheme of c/flwijfcofio" of the anaemias nhich is comprehensive and vatisf«tory 
The most logical method is based on the /niAorcnriiS of the anaemia (0 Tu”** 
loss of blood the poslhaemonhagic anaemias (*) Tho e due to inadequate blood 
formation the deficiency anaemias and the aplastic anaemias fj) Those due W 
increased blood destruction the haemot> tic anaemias There are prscucal difficulties in 
the application of this clas ification because tn many ca es inadequate blood formation 
and increased blood destruction both play an imporlaat role Nevertheless this method 
has been utiheed a% iar as pracitcabJe in the discaswn 

From the morphft«iical standpoint the anaemias may be classified accwdmg to tne 
mean corpuscular haemoglobin or color index as hyperchromic normochromic or 
VnvocVwomvt wo<4 accotdAWi to tV* miwvo'vtwiivwlw v^iwaft ot volume index as wa to 
cjtic (lasgaiocytic) nijrmocytic or mi rocyiic This ela sificalioD has practical 
sigruficance since in general macrocytic anaemias are benefited by Uvet or uver 
extract whereas the hypochromic nnaemus are helped by iron The terms however 
should be regarded as descriptive and not as diagnostic. The terms normocylic 
and normochromic should be understood to mean merely that the ottrai* voume 
or haemoglobin content of the red cells a niihtn normal limits Otherwise they may 
misleading since the cells may be abnormal in other respects and Individual cells may 
be markedly abnormal In swe and color 

The current tendency IS to drop the use of the ofd terms pnma/y snaemu ruf** 
DO edly due to some inherent disease rf the Uood forming tissues and secondary 
anaemia' due to tome obvious eatraneons cause 
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about 6 o% Mucus is ahunJant The ordinary ferments are often 
diminished or absent but the inlnnsic factor of Castle is retained 

The blaod shows all the features characteristic of a hypochromic 
microcytK anaemia as described in posthaetnorrhagic anaemia In the 
average patient the red cell count is between 3 5 and 40 million the 
haemoglobin 6 to 8 Gm or 40 to 50% In severe cases they may fall 
to I 5 million and a o Gm The sinking feature is the extreme pallor 
of the cells and the degree of reduction m the lolor index (o 3) and in the 
mean haemoglobin content (nyy) and haemoglobin concentration (22%) 
in the red cells which may develop The leukocytes and platelets arc 
usually normal 

In untreated cases reticulocytes ate sparse However biopsy shows 
the bone narro v to be markedly hvperplasiic (normoblastK.) There 
appears to be some obstacle to the maturation of the cells An eBcLtive 
stimulus to their maturation ami delivery into the circulation is provided 
by the administration (by mouth) of brge doses of iron (6 Gm or more 
per day of fern et ammonu cilras or correspondingly large doses m terms 
of their metallic iron cor tent of 
other preparations) In severe 
cases \ ithin 3 or 4 days after an 
adequate dose of iron is started 
there is a rue I’t rtiniiloeyUs which 
reaches a peak on the seventh or 
eighth day and which is roughly 
invers ly proportional to the 
haemoglobin penentage A satis 
factorv response is indicated by a 
rise in retivulocytes to is'a if the 
Ilb is 20% to 8*^ 1/ the Ilb is 
40*^ andtos<^ if the fib is 60% 
and fav an average daily rise in Hb 
of at least (in some cases 2%) An equally sinking ri'c may be 
obtained n severe hypochromic anaemia of other types as in bookw orm 
anaemia (Castle and Rhode* ipj*) and even (temporarily) m cancer of 
the stomach Thire 11 prompt relief inn always complete) of the 
symrtoms and subsidence of the physical signs except that the lingual 
atrophy and the achlorhydria persist Liver extracts are ineffective 

Tbedisfss is rarely direcdy fatal even i( antrealed but it oflencaisesaprotracwd 
an 1 profou d degree of chronic invaf d m There w little tendency to spontaneous 
remi ion unll fie the menopiose An exacerbation may be precipitalci by a 
pregnsn v or by inienrurreni infections 

The el I tv u stilt obscure t ra jer factor is dcS ent iron absorption resulting 
from th defective gastnc secretion In some ca esthclatirrisattributable loan inber 
ent nstiluliona) (someumes fanulial) defect la some it nay be due to a chronic 
gastrius \ se ere anaemia of any type however may cause a temporary disappear 
•nee of Ire JlCl f om the gvsinc juice An identwaJ condition has been described in 
pal ents (mal as a«U as lemal ) after gariraenterostomy and afler extensive gastn 
rnrciion andintotnecasesofcancrroftlieuoiiiad Olherconlnbutingcausesarean 
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B Anaemias Due to Inadequate Blood Foruatiov 
a Anaemias Related to a Deficiency of Iron 

These anaemias are h>pochroinic and usuallj microcytic in type 
They include (i) Anaemias due to lack oj iron m the diet seen most 
frequently m infants and young children on a diet consisting largely or 
exclusively of milk The anaemia appears earlier and is more severe in 
children of anaemic mothers because of inadequate storage of iron in the 
foetal tissues 

(2) Anaemias due to Jaitlt\ absorption of iron from the digestive tract, 
as in chronic diarrhoea colitis and some cases of sprue and indiopathic 
steatorrhoea 

(3) Anaemias due to loss of iron by extemil haemorrhage (already 
discussed) 

(4) Anaemia in severe hooVwotm infection 

(5) Anaemia in some cases of cancer of the stomach 

(6) Anaemia m some cases after extensive operations on the stomach 

(7) Idiopathic hypochromic anaemia 

(8) Chlorosis 

Idiopathic hypochromic anaemia (primary microcytic anaemia, simple 
achlorhydric anaemia chronic chlorosis) is a chronic disease largely (95*0) 
limited to women chieflythosebetweenaoandsoyearsofage Clinically 
It IS characterized by an insidious onset by the gradual development of 
marked weakness lethargy and nervous instability and by digestive 
discomforts gaseous distension epigastric pain occasionally diarrhoea 
and anorexia or a fickle appetite This often leads the patients to avoid 
meats fruits and green vegetables foods rich in iron and tends to aggra 
vate the anaemia Marked loss of weight is exceptional 

Soreness of the tongue and mouth is common There is a tlosstlis and stomatitn 
which leads to atrophy of the mucous membrane In at least half the eases tnew 19 
atrophy of the papillae about (he tip and margins of the tongue The process often 
extends to the dorsum of the longue wVichbccomessmooth and polished in appearance 
and to the lips which may show cracks and fssures about the corn rs of the mouth 
In a small group of cases iPliimmtr I msta sjmdrome a latmta tti/A dyiphaita) it extends 
into the pharynx and hypopharjnx causing dysphagia which is atlnbuted to reflex 
spasm of the inferior constrictor 

In about half the cases the nails become tender thin and brittle they tend to loosen 
from the nail bed and may become flattened or even concave and spoon shaped on t « 
dorsal surface {katlonyclita) , 

Faraesthesiasof the extrenutiesare common as in pernicious anaemia but comoioe 
sclerosis of the cord does not occur , 

tfenorrha[ia is a common symptom and tb anaemia may erroneously be *. 

simply to the loss of blood Otherwise there is rarely any abnormal tendency to Wee 
or any disturbance of coagulation FertiUty is but little affected 

The r/i/«n is enlarged in about 40^ “f the cases , 

The becomes inelastic and wrinkled it may be waxy white or show siig 
brownish pigmentation The seterae are bluish white There is never jaundice 

The gastric jutce shows a hypocUorhydna or an achlorhydria in at 
least 85% of the cases and a Complete achlorhydria after histamine m 
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wlnnsic factor v.hich is present m normal gastric juice (possiblj secreted 
also in the prorimal part of the duodetnini) and presuToably is a ferment 
although it IS not identical r.>tli an> ol the pteviousl> recognized gastric 
ferments The effective utilization of this anti anaemic principle depends 
abo (3) on adequate absorption from the gastrointestinal tract andproba 
bl> (4) on Its storage by the h\er and presumably on its orderly release 
by the liver and dislnbution to the haemopoietic tissues as it is needed 
A disturbance of any one of these functions ■fthaltver the cause tends to 
produce an anaemia ^hich is mactocytic and hyperchromic in type A 
macrocytic anaemia may occur however in diseases which are not asson 
ated with a disturbance of the anti penucious anaemia principle {leukae 
inia primary aplastic anaemia etc ) 

Iq pern ctaus iruieiaia the duturbance is due to a partial or compieie lack of the 
intiinsie fsetot in die gastnc ju ce In sprue and ellied condicioni de^ient absorption 
IS probably the usuat esuse lo tbtontc tivee disease impaired capacity to store the 
matenal nay be at fault In aonc cases as is certain tropical BBaeouas there may be 
a lack of the ettnnsic factor la the diet fb pregnaacy there is probably as lacreased 
demand isgethernitha relatively inadequate foroiation of the lubsuoce Any of these 
anaesiut it utuaQy relieved by tupplyme adequate quaotiiiea of the aeiiie matenal 
preformed at by feed ng Uver or by uijecung parenterally lUiUble exCracti of tzver 
ban us B itish is estigators have emph iia d th« fact that tbe tdRunittration ( 
narnuie (an autalysed eatract of brewers yeast) is at effective as liiet in those cases 
in which the anaemia is due to latk of the estnnsic (actor in many cases of spni and 
idiopathic iteatorrfaoea and to a bmited etiesi m some cases o1 pernicious aDaesi a 

The act! epnnopieasii s obtained from limdiSen is iis thermostability and in 
other properties from that pretcat wuhm (be gatiraintestina) tract ( addiiia haemo 
p letin ) and in the ttocnacb tittue ( veatneubn ) Where th t elaboration occurs 
It not known That the liver ter et as a ttocehouse tor tbe tubttance » mt certain 
It has been demonstrated in theti etofpat enttdvtog of unrelated diseases b> injecting 
suital leeviractsof su h liveisfautopsy maunal) into paueots with pern cious anaemia 
and obs rving a reticulocyte enus but it is absent m the liver of patients dying of 
untreated per icioos BRacmis It al o d sappears from the tberui e normal livers f 
gastrrclomired some and of s lUe 10 srhicb sprue has been ezpenroentalty produced 

Although (h changes in the blood are usuaDjr more cbarieteri (ic and more marked 
in d g«e in untreated cases t pemtciaus anaemia than tn Ih other condilions men 
tioned IB some cases of the Utter (« g sprue ffsb tape orra infect on) they may be 
ind stinguishable In af! these cond ti os tbe bone mart -n shows mrgatol bstic 
hyperplasia in varyi g degree 

Pernicious aaaeinu ts charaefettzed clinicaih by an insidious onset 
usually in adults of middle age by the gradual development of a severe 
anaemia with weakness dyspnoea and other svmptoiris of haemoglobin 
dcficiencj by a protracted course marked by remissions and exacetba 
tions and (in untreated cases) by a fatal termination 

During the sell epvnods of thedmase^ g M r i st fijwrj are common anorexia 
gismus di tension epigastric d scomfort sometuaes nausea and lomtc ng or diatiboea 

nd occasionally crises of sharp col ckyabdonuoatpam So e mouth and sort tongue 
due to a ttomaliiis and jf tslt aw cointaoa eompUunts Thtrt is nearly always 
«f fiy /« f fi/j tik (tut wbrebpresenttanabBormiUye! an smooth poJ shed 
appearance tntheacuve tsges is fever as ooated with evnlencrs of Increased 
blood deslrucuon 
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laadwjuite ill balanced diet, and the drain on the iron reserves resulting frotn meastru 
ation and pregnanej The defect is perfflanent since re/n^fe occurs if the admmistn 
tion of iron is stopped 

The great significance of chronic etcuJt bleeding has been emphasized recently 
notably by Heath. It may be that the srndrome is merely a type of chronic post 
haemorrhagic anaemia complicated by madeqoate absorption of iron and perhaps by 
other dietary defiaenaes. 

Chnically this disease reKmbles petoiaoas anaemia in many vrays although the 
changes in the blood are entirely different They are similar in that both apparently 
depend on (different) deficiencies of gastric secretion and both occasionally are famfliil 
In several families idiopathic hypochromic anaemia has developed in females and 
penuaous anaemm in males and taiely both diseases hate deieloped suaessnely in 
the same individual The possibility of a double deficiency must be remembered 
although out poheneramplesof thuaresurpnsin^yrare 

Chlorosis IS described as a disease of anLnoan etiology limited to females and 
occurring chiefly during adolescence characterued by the development of an anaemia 
of the hypochrorme type and by a prompt response to iron medication The blood 
changes are identical tilth those in idiopathic hypochromic anaemia The chief choical 
differences are (t) the y ouoger age incidence in chtorosis ttbich usually subsides spoata 
neously at the age at tehit-h idiopathic by'pocbromic anaemia is most frequent (if nor 
mal or c'scessive amounts of IfCl in the gastnc juiee in chlorosis and (j) the response 
to smaller do es of iron It is probable that chlorosis is due simply to an extreme beV 
of iron in the diet Chlorosis has be^me rate in all countnes and has practical]/ dis- 
appeared in the United Sutes 

Coppef — In aiiunifs (uttfe rats $tiine)adiet matfe grossly defiaentmcopp^tis 

well as tn iron produces an anaemia tvhicb does not respond to the admimsUation of 
iron alone but which improt es pronpUy if copper is also given A minute amount el 
copper IS apparently necessary for the utilisation of iron It is very doubtful 
whether a significant defiaency in copper occurs naturally m man even on poor diets 
except posubly in young children 

b Anaenuas Related to a Deficiency of the Anti anaenuc Factor in Li/er 

These anaemias are macrocjtic and usuall> hiTierchromic in ttpe 
The> include (t) Pnmar> pernicious anaemia (bj far the most frequent 
and important) 

Some cases ol (2) Sprue idropalbic sfeatorrJjoea and other chronic 
intestinal disturbances (Fistulac multiple anastomoses chronic obstruc 
tion) 

(3) Diphyllobolhrtum latum (fish tapeworm) infection 

(4) Cancer of the stomach (rare) 

(5) Complete resection of the stomach 

(6) Chrome diseases of the liver 

(7) Pregnancy (rarely) 

(8) Tropical megalocy tic anaemia 

Recent work by ilinot Castle and many others has shown that the 
normal development and maturation of red cells is dependent on the 
activity ol a specific substance which is commonly called the anii anaemic 
principle cfli-er or ery throcytic maturing factor The production of tins 
anti anaemic principle depends on the mteraction of two other substances 

(i) Anexfrinsie/jc/urwhichisfurmshedbythcdiet is abundant in muscle 

ani in yeast nee polishings eggs milk and Uv er It is not identical ml 
any of the recognized fractions of the vitamin Bi complex and (a) an 
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features o! a haemolytic anaemia It is generally believed liovie\er that 
this incrfQjeii blood dtslnuUon is not a pnmary cause of the anaemia but 
IS the result of the entrance into the arcnlation of imperfectly formed cells 
which fall ready victims to the normal physiological processes for the 
removal of defective cells 

According to Minot whoseMewsarcwidcK accepted the fundamental 
disturbance in pernicious anaemia is inadequate cell formation Although 
the marrow is hyperplastic the megalobbsts are unable to complete their 
development and produce erythrocytes There is an arrest of niafHrafioti 
which is relieved b\ the administration of the active principle of li\ er 

This view has been questioned however, notably by Dobnner and 
Rhoads (1938) who attempted to measure the tale of red cell formation 
and destruction in various stages of the disease They utilized the rate 
of excretion of urobilin as a measure of red cell destruction and that of 
coproporphyrm I as a measure of red 
cell formation Although this sub 
stance is not directly concerned in 
the production of haemoglobin they 
believe that it is a constant by prod 
uct of the synthesis of copropor 
phyrm 111 which 1$ a constituent of 
haemoglobin and that it can be used 
to measure the me of formation of 
the latter In pernicious anaemia 
during a relapse they found that cell 
(haemogtabin) production was 
actually accelerated as well a cell 
destruction During a remission the 
rate of cell destruction fell to normal 
and cell formation was also somewhat 
reduced They believe therefore 
that lack of ervthrocvte jnatuting 
factor results in increased haemolysis rather than in a qu intitaliv e reduc 
tion in cell output 

In patients with a red cell count below 35 million adequate liver 
therapy is followed by a transient which begins on about 

the third day and reaches a peak on about the 7lh or 8lh day The 
height of the peak vanes inversely with that of the initial red cell count 

\\ Ih » red cell count of o otillion tl»t ieticutoc>tn »houU reach js to 40^ with 
> o »boui 10^ ind with 3 o abnul je- \ t j,55 ,„,j cates either a rmsuVen 
1 iKno IS in dequate dojge ors meromil cat ngdi ta 11 the mil at dote of icti e 
pnnciple has been loo small as indicated by an 1 adequate r liculocjte response 
aw V cte « in the d « 'kill be t ttowed by a see ill TeUcutoc>tB ens s ttowever it 
lb i li 1 dose was adequ le a {utlhei increa « will ba e no t fnifi ant effect on the 
ret culxrvles These oWr itions ba e pro ed to be of great praa cal value in the 
conirol of trtalme I In favor ble e se» the eed tell count may rise 1 o million in 
ne tn nth normal fiRures « U tp« attained alter a to 5 month and the quaUuti'e 
abn ftnaht et entirely disappear except f r the penistence of a few maerocytes The 
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Paraesihesiiis oj the exlrtmttitt nearly Alna>8 develop and are oittn an eae)ysyBip 
lom Focal degenerations of the cord (etinhncd seleresis) are common. They occur 
(i) in the postenor columns causing oAizm neakness and imnor sensory disturbsncM 
particularly loss oJ the ttbraloti sense over the loner legs diminished reflexes occasion 
ally hyperaesthesias (a) in the lateral columns causing s/as/ici/y exaggerated reflexes 
and less often sphincter disturbances These changes are not proportional to the 
anaemia and may antedate it Rarely combined sclerosis occurs in patients »ho 
do not develop an anaemia although as in typical perm lous anaemia ^ey show an 
achlorhy dria and usually some degre*. of macrocy tosis Combined sclerosis isextremely 
rare m the other related anaemias Peripheral neuritis also occurs and may account for 
the paraesthesus in some cases Minor cerebral disturbances are common 

In practically all cases there is an achlorhydna even after histamine 
injection The volume secreted is scantj and is increased but little 
by histamine Mucus is scantj The ordmarj ferments are usually 
diminished, and often absent (true achylia) The gastric dcSciency is 
permanent even in welt treated patients A few rare cases have been 
reported who showed free HCl m the gastric juice The iHtnnsic factor 
has been absent in those cases of this group which have been tested as to 
this point There is some evidence to indicate that the lack of intnnsic 
factor in pernicious anaemia m some cases at least is relative rather than 
absolute It has been suggested without os jct definite proof that 
variations m the amount of intrinsic factor secreted may account for the 
fluctuations in the course of the disease 

The blood shows a marked reduction in the red cell count frequently 
to a o rarely to o 5 million or less The haemoglobin is relativ ely less 
reduced so that the color mdet and mean haemoglobin content of the 
cells IS increased The volume index and mean corpuscular volume are 
also increased more regularly and often more markedly than is the color 
index The haemoglobin concentration m the cells is normal or shghtiy 
reduced Anisocytosis is marked and m severe cases it becomes more 
pronounced than in any other anaemia Poikiiocytes microcytes afld 
macrocytes are numerous I^arge ova! deeply staining cells are highly 
characte^I^tlc and a few are usually pre'ient m the early stages of the 
disease and during the rcnussions The mean diameter is increased (to 
8 5 to gii) and the cells are dark (the thickness is also increased) 

A few rtortnoblasfs are present in most of the cases with marked anae 
mia Typical niegaloblasts are present at some stage of the disease m 
untreated patients hut they may be hard to find They can rarely be 
found after treatment with liver even though this is inadequate m 
quantity During the blood crises which occasionally occur in untreated 
patients there is a sudden outjwunng of normoblasts and megaloblasis 
reticulocytes polyehromatopbilic cells and cells with nuclear particles 
The platelets are reduced There is a leukopenia A few myelocytes 
are often, present but on the other hand there is a shift to the right 
ID the sense of Arneth with occasional huge neutrophiles containing hyper 
segmented nuclei with 6 to 10 lobes pernicious anaemia neulrophues 
During the exacerbations of the ebsease there is mild jaundice an 
increase in the bilirubm in the serum and all the other characteristic 
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deficient prolein diet Nutritional anaemia » frequently associated with 
malaria and syphilis and with severe infection m ancylostomiasis Fait 
ley Bromfield and Conde have reported a macrocytic haemolytic type 
which 1$ prevalent m Macedonia and is accompanied by splenomegaly 
due to chronic malaria infection In this type there is a primary nutn 
tional deficiency with a haemolytic agent the malaria parasite supcraddcil 

Tropical mtgiloeytle aaicada U a deicribed as orcurimg in the niti e popu 

Utlon of west Africa India anl China (Wills and Mehu igjo) It oecuts chiefly In 
womeii belween. to and ja and is often pteapitaUd by pregnancy The symptoms 
are those of any severe anaemia Oedema is often marked There may be a glossilfs 
but marked gastroiniestinal di lull anees are eeceptional and achlorhydria ft rare 
The blood shf wi a macrocytic hyperthtomm anirmu which may be severe with marked 
anisocytosis and many m galocytcs l>ut i\{ihout an Increase In serum bihrubm and 
but few poikilicyies and polythromitophilic cells It is believed to be due purely to 
I etnry def tienty fin eetiinsic tailor) aslt is cute t ptimsnendy by maimit Witts 
rerommefi le 1 a da ly d se t |tan>s of matcmie It is cured by oral or parenteral 
administration of the erudei types of bvet estract but not by highly concentrated 
etlracts (Wilts an 1 Tvans ipjS) 

The nnicmia al«o responds quiclU to treatment with liver or hver 
extracts although probably not to Anahacmin 

DiJeTtiihnl Pn^hous — The disease was originally confused with 
pernicious anaemia and it is indeesl difficult to difTerentiate the two condi 
tions by n simple blood examination it hax however a didcrcnt age 
incidence 

In pernicious anaemia there is aeblotbydna and ti positive indirect van 
den flergli reaction whilst in tropical nutritional anaemia the opposite 
is found Glossitis is much more common m pernicious anaemia Diffi 
cult) in diagnosis arises roatnf) m other tropical conditions such as sprue 
and indccil rnrirc than one anaemn produong disease is often found in 
one and the same subject 

Tropical macrocytic anaemia, or the macrocytic anaemia of pregnanev 
lias for a long lime been recognircd in India Mala)a West Africa and 
other tropical countries W ills bchcxcil it could be didercntiated from the 
pernicious anaemia of pregnancy which occurs in temperate climates 
This anaemia of pregnancy » cspccblly due to dietetic deficiencies 
aggravated by sufcradded infections ot malaria and nncvlostomiasis 
Del angen points out that what special diet leads to its production is not 
)ct known It appears however that the shortage of \itamins A and C 
ph> a part m the produclion cspeciall) when at the same time the diet 
contains large quantities of fats In women w Uh a relaliv e v iiamm A and 
C shortage fiut w u!i sufllcicnl x itamtn U so long as ihej take but the small 
esi possible quantU) of fat the disca«« piatlJCally is never seen There 
apiwars to I e no essential diJInffict between Ibis form of macrocytic 
anaemia of pregnancy and the tropical macrocytic anaemia described 
al o\ e and studied by W ills and htchta and others 

Sprue IS a tropical or subtropical disease of unknown diologv occurring 
most frequently m In ha Gnna and the East Indies where it is apt to 
auaclt while immigrants from temperaturehlitudes It also occurs in the 
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reappearance of these abnormalities or a fall in the red cell count indicates that the 
maintenance dose of li>er is inadequate Dried defatted stomach (b> mouth) is as 
effective as hver so administered 

Tailure to secure a satisfactory response is often due to defcient absorption from the 
gastrointestinal tract In such cases exccDent results can be obtained by tnlramuscukr 
injections which on the a\ erage are at least jo times as effe live as the administration 
of equivalent doses by mouth With the best preparations a maxiinum response follows 
the daily intramuscular injection of extract from 15 to 20 Cm of liver A normal count 
can usually be maintained by a similar dose given once a n eek and in some cases once 
a month PaUents w ith combined sclerosis require far larger doses continued for many 
months To control this process it may be necessary to gi> e 2 or 3 times the amount 
which suffices to restore and maintain a normal red cell count Improvement at best 
IS slow and is limited by the degree to which irremediable atrophy of nerve cells has 
occurred 

Although the pathogenesis of pemi<.ious anaemia is now fairly clear the underlying 
cause of the defective gastric secretion remains obscure In some cases it is a famila! 
constitutional defect \fany famibes have been reported m which two or more mem 
bers have had pernicious anaemia orinwhichotbermembershavehadachylia Most 
patients with pernicious anaemia are sthenic in type and have a light complenon nitb 
fine often prematurely grey hair However the disease may (rarely) occur m negroes 

The theory that a chronic dietary deficiency pUys a part is attractive and receives 
some support from the experimeots of Miller and Rhoads (tpis) By feeding swine » 
suitably deficient diet they produced a diseased state closely resembling tropical sprue 
and 0 *ss closely) pernicious anaemia in man These animals shewed an anaemia 
(usually macrocytic) with gastrointestinal disturbances and stomatitis the intrinsic 
factor disappeared from the gasinc juice and the anti anaemic principle from tha liver 
and the bone marrow showed megaloblastic hyperplasia The condition responded to 
injections of liver extract 

Ferniciousatueraiaappearstobexer) unevenly distributed indifferent 
parts of the world according to the published reports DeLangea and 
Lichtenstein (1936), m their studies upon the anaemias of the tropics 
state that during 20 years we have never seen a case of pernicious anae 
niia m a native patient in Java although in our Department for Internal 
Diseases in the Central Hospital m Batavia with its 300 beds a very 
intensive search for this blood disease has been made Nor have we 
ever seen a case amongst the poor Chinese patients in Batavia but on the 
other band amongst the Europeans and the better situated Chinese in 
the tropics it is met with occasionally In Africa no pernicious anaema 
IS found amongst the negro races it is only found m certain of the tribes 
in the neighborhood of Lake Tanganyika whose food consists for the most 
part of meat and dairy products This is of great interest for a study 
of the cause of pernicious anaemia The countless cases of achyha 
gastrica found in the tropics appear not to contribute to the appearance 
of this serious disease if uncomplicated ’ , 

In Ceylon the death rate is given as amounting to 3 per hundred 
thousand of the population but in Japan evren less 06 vvhereasmthenorin 
ern United States the moitahtyr is given as 6 9 and m England as 8 9 per 
hundred thousand The difhculbes of making a correct diagnosis m 
natives especially when infected severely with an intestinal parasite, is 
emphasized . 

Nutritional macrocyrtic anaemia is more or less umversal in inoac 
tropical countries where the population subsists on an unbalanced an 
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which are oi theoretical interest but little practical importance a macro 
cytic hyperchromic anaemia develops which may be indistinguishable 
Irom pernicious anaemia This may temporanly improsc under liver 
and is atlnbuted to loss ol the intnnsic factor The anaemia which 
follows extensive operations on the stomach also is more often hvpo 
chromic than hyperchromic m type 

ifyiaejema frequently c&uies an anaemu wbKli nay be either bypocbronuc or 
hyperchromic m lyp The latter type of anaemia >s relieved by liver and u sttnbuted 
to a fvck of intrinsic factor v,h cb may be umporaiy l«I eved by administration of 
thyroid alone) or permanent (rtquiiing continuous administration oE liver which 
controls the anaemia but not the myioedema) 

Pregnancy is so frequently associated with a mild hypochromic type 
ol anaemia that some have rtgaided this as physiological This usually 
increases gradually from the third to the seventh month after which there 
may be some spontaneous improvement The ted cell count not mfre 
queritly falls to 3 s and the Hb t050to6o% Occasionally much lower 
figures are observed The anaemia responds well to iron and is due 
to an iron deficiency The latter is probably due in part at least to poor 
absorption associated with the hypochlorhydna or acblothydna which is 
commonly observed during pregnancy It is partly the result of an 
increased need for iron to supply the foetal tissues The apparent degree 
of the anaemia is somewhat exaggerated by the hydracmia which is 
present The anaemia usually subsides after delivery Failure to do so 
suggests the presence of idiopathic hypochromic anaemia which ts 
markedly aggravated by pregnancy There is apt to be a recurrence in 
subsequent pregnancies 

In relatively rare instances a hyjierchromic macrocvtic anaemia 
dev elops Th^ changes m the blood resemble closely those m pernicious 
anaemia There are evidences of increased blood destruction The 
disease IS severe runs a relatively acute course without remissions and is 
often fatal if untreated It may appear during the puerpenum but 
spontaneous recovery may occur after delivery It responds well to 
In er Uiequently also to transfusions) and recovery is usually permanent 
It may not recur during subsequent pregnancies There is usually free 
HCl in the gastric juice but subaadity is common Lack of the intrinsic 
factor — presumably temporary — has been reported in a number of cases 
Strauss reported two cases who dev eloped pernicious anaemia later 

c Anaemias Related to a Functional Insufficiency of the Bone Marrow 
(the Aplastic or Aregeneratory Anaemias) 

The inadequacy is usually relative but in rare instances there appears 
to he a virtual cessation of ted celt formation The marrow as a rule is 
aplastic to a greater or lesser degree In some cases however it shows 
tnarke 1 hvpcrplasia and there appears to be an arrest in the maturation 
of the cells \mong the more important conditions m which anaemia 
of this tv pc occasionally occurs m the {oUoY.vng 
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West Indies and has been obser\ed in the southern United States It 
occurs chieflv m adults more frequently in women It is characterized 
by the gradual de\ elopment of a chronic morning diarrhoea with progres- 
sive emanation weakness and anaemia The are typically bulk) 
grevish pultaceous and frothy, and contain large amounts of fat chiefly 
as fatty acids Glossitis and marked atrophy of the mucous membrane 
of the tongue and the entire gastrointestinal tract occur associated 
with great llatulent distension Tree HCI is present in the gastric juice 
in most cases and (if absent) may return during a remission The intnn 
sic factor of Castle has been present in some cases and absent in others 
There are no bone changes and no gross disturbance of calcium metabolism 
■inatmia is present in most cases but vanes much m seventy (red 
cell count usually about 3 o but may fall below i o) It is usually macro- 
cytic and mildly hv-perchromic in tvpe resembling pernicious anaemia 
except that the abnormalities are less marked The anaemia often 
responds to veast and regubriy to hver It is probably due mainly to 
defective absorption of the anii anaemic principle or in some cases to 
lack of the intrinsic factor In a minority of the cases the anaemia is 
hypochromic and these cases respond to iron but not liver (see also 
Chap WM) 

Idiopathic steatorrboea (eoeliac di««a5e non tropical sprue) is a di ease of temperate 
elinutes which usually begins in infancy or childhood althouebic may not be recognized 
until adult life It is chanctenzed (i)bychronicdiarThoea with abdominal distension 
and fatty but not frothy stools (z) by a disturbance of metabolism associated with 
defective absorption of calcium salts and v-iiamin D and characterized byosteoporasis 
pains in the bones bone deformities and palholo<>ica1 fractures and (j) by enaciatton 
and anaemia which arc often evere ychIoth}dna is rare CIossilis may occur ana 
some degree of atrophy of the lingual papillae is not uncommon Faecal excretion of 
calcium is increased the blood cakium is often low and latent tetany is common 
Lenticular opacities may occur and occasionall} cutaneous eruptions su^estive of 
pellagra 

The anaemia is usually hvT>ochroinic in t^pe particularly in children The color 
index IS low and anisocj tosis is marked The average cell dumeler is usually within 
normal Lmits but in some cases it is distinctl> inwased Rarely numerous normo 
blasts have been present The anaecnu (but not the other sjmptoms) is relieved by 
iron and it is attnbuted to defective absoiption of iron 

la other cases particularly in adults the anaemia is macrocytic and mildly hj'per 
chromic resembling that commonly seen In sprue In this type the anaemia responds 
to the administration of liver or large do es of yeast preparations and 1 attributed to 
defective absorption of the anti anaemic pnnaple 

Diphyllobothrium latum infection causes anaemia in only a very small proportion 
of the infected individuals In these cases it may be severe and practically jndistai 
guishable from pernicious anaemia except that combined sclerosis rarely if ever occurs 
The anaemia is usually cured permanently simply by expulsion of the worm It is a'so 
cured by liver but l^s must be continued until the worm is expelled Tree HCI 1 
usuallyabsent but ma> returnafterexpnIstOQoftheworm Hemberg (1956) reported 
finding the intrinsic factor 

Cancer of the stomach often causesanaemia which is almost invariably 
hypochromic and microcytic in type In the absence of bleeding it is 
usually moderate in degree but may be extreme (R B C i o Hb ly^c) 
and quite like that in idiopathic hypochromic anaemia In rare instances 
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whjch are of theoretical interest but bttle practical importance a macro 
cytic hyperchromic anaemia devdops which may be indistinguishable 
from pernicious anaemia nns maj temporarily improve under liver 
and IS attributed to loss of the intnnsic factor The anaemia which 
follows extensive operations on the stomach also is more often hvpo 
chromic than hyperchromic m type 

ifyjao/rma (tsquerlly c»u,e» an auMnita. which may be either hypochnouc ot 
hyperchtoinic m type ThelitttTtypeofwiaeiMaistelievedbylwe eniijattnbjted 
to a Uck of intrinsic (actor whvh may be temporary /relieved by einuaistration of 
thyroid a'oR ) or perinan (it (requiring continuous edDunistration of liver which 
controls the anaemia but not the myxocdemsl 

Pregnancy is so frequently associated with a mild hypochromic type 
of anaemia that some have regarded this as physiological This usually 
increases gradually from the third to the seventh month after which there 
may be some spontaneous improvement The red cell count not mfre 
quently falls to 3 5 and the Hb to 50 to 60% Occasionally much lower 
figures are observed The anaemia responds well to iron and js due 
to an iron defiaency The Utter is probably due m part at least to poor 
absorption associated with the hypochiorhydna or achlorhydria which is 
commonly observed during pregnancy It is partly the result of an 
increased need for iron to supply the foetal tissues The apparent degree 
of the anaemia is somewhat exaggerated by the hydraenua which is 
present The anaemia uiually subsides after delivery Failure to do so 
suggests the presence of idiopathic hypochromic anaemia which >» 
marked!} aggravated by pregnanev There 1$ apt to be a recurrence in 
subsequent pregnancies 

In relatively rare instances a hyperchromic macrocytic anaemia 
develops The changes in the blood resemble closely those m permcious 
anaemia There are evidences of increased blood destruction The 
disease IS severe runs a relatively aculecourse without remissions and is 
often fatal if untreated It may appear during the puerpenum but 
spontaneous recovery may occur after delivery It responds well to 
liver (frequently also to transfusions), and recovery is usually permanent 
ft may not recur during subsequent ptegnanuts There is usually free 
HCl in the gastric juice but subacidity is common Lack of the intrinsic 
factor — presumably terapirarj — has been reported in a number of c-ses 
Strauss reported two cases who developed permcious anaemia later 

c Anaemias Related to a Funcbcoal Insufficiency of the Bon'^ Majxow 
{the Aplastic or Aregeneratoiy Anaemias) 

The inadequacy is usually relative but in rare instances there appears 
to be a virtual cessation of red cell formation The marrow as a rule is 
aplastic to a greater or lesser degree In some cases however it shows 
marked hyperplasia and there appears to be an arrest in the maturation 
of the cells \mong the more important conditions in which anaemia 
of this type occasionally occurs are the following 
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1 In new bora infants as a rare constitutional defect 

3 As a terminal phenomenon in anaemias of other types as in 
chronic postbaemorrhagic anaemia, pernicious anaemia and the myelo- 
phthisic anaemias 

3 Anaemias secondary to infection particularly to such chronic 
infections as subacute bacterial endocarditis chronic infectious arthntis 
chronic pyogemc infections and oral sepsis 

4 In advanced chronic nephritis (usually normochromic in type) 

5 Malignant disease in most of those cases in which haemorrhaoe 
does not play a part 

6 Dietary insufEcienoes other than simple lack of iron, including 
the avitaminoses such as scurvy, etc 

7 Chronic poisoning with such chemicals as benzol, trinitrotoluol 
arsenic gold or radium salts (Martland, 1931) 

a After excessive etposure to \ rays or radium 

9 Acute idiopathic aplastic anaemia 
10 The myelophthisic anaemias 

This list manifestly includes many heterogeneous unrelated conditions 
and the changes in the blood which they show vary m detail A high 
grade of anaemia may occur in all of them In the milder cases some 
new cell formation persists and the blood shows imperfectly formed cells 
and immature red cells in small numbers Phe blood often resembles that 
in cases of postbaemorrhagic anaemia except that the hypochromia and 
microcytosis are usually less marked In severe advanced cases the 
appearance of the blood is more distinctive Despite a marked degree of 
anaemia, the individual red cells which remain are relatively normal 
Anisocytosis i> slight and the color index and volume index are usually 
Hithin normal limits The anaemia is normocytic and normo 
chromic Reticulocytes and other immature red cells are entirely 
absent There is a neutrophilic leukopenia and a reduction in platelets 
which may be extreme, and assoaated with a (symptomatic) purpura 
haemorrhagica There is no evidence of increased blood destruction 

Ici Idiopathic aplastic anaemia these features are seen in ma«mum degree Tb's 
IS a rare disease of unLnown cause occumng chiefly in adolescents and joutig sou U 
characterized by progressive weakness and prostration fever rapidly developing 
anaemia extreme leukopenia tbrombocytopema purpura and bleeding and a fatal 
oitcome within a few weeks or months Itisthe aleukia of German writers The 
spleen IS not enlarged The gastnc juice is norenaf The bone marrow in lyP'^^' e^^es 
IS markedlyaplastic CascswhicharechDicanyiodistinguishable however havesfaown 
marrow which is normally cellular or even hyperplastic and in some of thern 
cytes normoblasts myelocytes and myeloblasts have appeared in the circulating blood 
Krumbhaar hassoggesled tie term pseudoaplastic anaemia or progressive 
mia for such cases The disease has been cxnifused with pernicious anaemia and (more 
reasonably) with idiopathic purpura and acute leucopenic leukaemia Cases of severe 
poisoning with benzol radium etc may present an identical picture 

Scurvy may cause a severe anaemia fR B C *0 Hb 30%) which is hypochromic 
and usually microcytic in type It can not be explained by the (relatively ' 
haemorrhages which occur It is not influenced by iron or liver but responds to 
vitamm C with a reticulocyte crisis and rapid impTovement 
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Myelophthisic anaemia is a term applied to those conditions in which 
the erj thropoietic tissue of the marrow is imaded and more or less crowded 
out by other tissue Except in extensive leuhaemic inhltralioD the bulh 
of the invading tissue is rarely sufficient quantitatively to explain the 
anaemia on the basis of simple mechanical displacement and a functional 
inadequacy of the remaining marrow must be assumed These include 

1 Osteosclerotic anaemia 

2 The leukaemias 

3 Some cases of Gaucher s disease and allied conditions 

4 hletastatic tumors m the bone marrow (frequently) 

5 Multiple myelomata (occasional!)) 

6 Hodgkin s disease (rarely disputed) 

In many cases the anaemia is slight or moderate in degree but it may 
be severe Amsocjtosis is often marked but the color index and volume 
index are usually about normal or moderately reduced In many (but 
not all) cases the blood shows changes suggesting intense stimulation (or 
imtation) of the manow There ate numerous immature eiylhrocytcs 
including many normoblasts and macrobbsis and even megaloblasts 
There is a neutrophilic leukocvtosis with mvelocytes in varving number 
and occasionally a few myeloblasts They are sometimes classed as 
tr\lhroblastie anaemias (Vaughn) Areas of hyperplastic erythropoietic 
tissue are commonly found in thelong bones or sometimes in the spleen 
and other extramedullary tissues 

Osteosclerotic sasemu is « (trm usuelly applied lo the ccnditioa described by 
Albers SebBnberges narblebone disease Tbisisarsrediscaseofunhnovmetiologv 
which miy be dependent oa a constitutional abnotoahty oE bone development and is 
eotnetiffl s (atmlial It begins m early hie ettbough u may not be teeognued until the 
third decade It i* chatacteri ed by a peculiar type of inegular tbicVening of the bones 
involving espen Uy the shafts of the long bones The new bone encroaches on and 
eventually may largely obliterate the marrow wb cb shows m addition extensive fibrosis 
In spite of the thickening the bones are (rag te and gio s deformities and pathological 
fractures are common In the later stages a evere anaem a de clops (as low as R B C 
o8j Ilb 10®’ taughn) character! ed by a matted erylhroblast sis The spleen and 
U cc are much enlarged as a result of myeloid hyperplasia 

MyeJoscleros s is a term applied by Moeer (ipay) to a somewhat similar cond non 
developing in adults in which the bones become abnormally den e but not widened 
a d the c Uular marrow 11 replaced by bone and fibrous tissue Eventually a severe 
anaemia develops with erythroblaslosis and splenomeg ly 

C ANAEUIAS ASSOCIATFU with ArXELEBATEO BbOOU DESTRUCniOK 
(Haemolytic Akaeuus) 

Although accelerated blood destruction u a prominent feature of these 
di eases in many of them inadequate blood formation is also important 
in the production of the anaemia In some of them as in pern cious 
anaemia sickle cell anaemia and probably haemolytic jaundice thepn 
maty disturbance appears to be the formation of red cells which are 
inherently defective and thus susceptible to the normal processes for 
removal of damaged cells There is no positive evidence that anaemia is 
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produced b} remoN’al and destruction of norrml cells because of a perm 
Clous overactivitv of the reticuloendothelial tissues 

In nearly all cases red cells wbich arc defectne or which hue been damaged »re 
remo\ ed from the circulation before haemolysis occurs If the rate of red cell desiruc 
tion is accelerated (or if the liaer u injured) the luer may fail to remo\e the bilinibm 
from the serum aa fast as it as formed tsa resaJj bihrubin accuroulateiM Ihep/asm 
and eises the latter a jellow color The icterus index rises and the serum pm a 
positue (indirect) \an den Ilergh reaction The skin and scleme become moreor I«s 
Jaundiced In some cases this may be deep but usually it is relatively slight and the 
color IS a pale lemon yellow rather than the orange tint of obstructive jaundice The 
difference however is purely a quantitative one The color m both cases is due to 
bilirubm The urine bmmes dark colored and contains increased amounts of urobilin 
and UTohihnogen but no bihrubiii (or only tners) The sediment may sho* rew) 
epithelial cells containing haemosidenn granules The urobilin in the faeces is increased 
At autopsy the arnount of iron in the liver and spleen is increased These phenomena 
are marked only during periods of rapid blood destruction If the latter is relatively 
slow they wit] be slight and perhaps lirmted to a small increase in the bihrubin m 
the serum 

The rapid destruction of red Wood cells in the body regardless of the 
disease m Tvhich it occurs gives rise to a characteristic diwcal syndrome 
There is fever, sometimes a chill neakness and prostration, paio »» ihe 
back and crises of acute colicky abdominal pain wiih nausea vomiting 

ami jaundice It may simulate various acute abdominal eondilions ano 

has led to unnecessary operations 

In rare instances in uhich a large number of red cells are rapidly 

destroyed the cells mav be haemolyred m the circulation and tliehaemo 

globm liberated into the plasma ihaemaglobtfiaemta) If the amount ol 
haemoglobin so liberated is large (when about or more of the red cells 
are abruptly destroyed) /laemo^hbiniina occun 

This IS met with (j) After IransfusionJ ul uicoitipatible blood (») In pstoxwnvl 
haeKwglobmuws (j) In black w#ler fever (4) Rarely m severe infecUoos enl 
intoxications of the tj pes enumerated belovr (as in gas bacillus gangrene and poisoning 
With arseniuretted hydrogen) andinfavism (y) In march haemoglobinuria W ® 
paroxysmal nocturnal hacmoglobmuna 

A haemolytie aoaecua usually without haemoglobinaemia and haeoiogiohmum « 

met with chiefly m the following conditions 

1 Some acute infections as gas bacillus gangrene sepsis especially punp*rtl«''vi 

and other streptococcal infections typhoid fever malaria and Oroya fever Rarely* 
profound anaemia may develop within a fevv hours v a -a 

2 Some cases of acute poi oningwitbcertamdrtigs phenol beneolandtheiroenv 
tives — mtrobensene trinitrotoluene anibne phenylhydnsine acetanitid and tM 
sulphonamide drugs saponin potassiam chlorate lead and other heavy meta s 
arseniuretted hydrogen snake venom etc 

y Rarely in leukaemia Ifodgkin a disease carcinoinatosis 

4 Extensive bums 

5 Idiopathic cases including the acute febrile haemoly tic anaemia of Lederer 

6 Favism 

j Pernicious anaemia and related macrocytic anaemias during acute exacerbati f 

of the disease 

8 Familial haemoly tic jaundice 
5 ‘ticUe cell anaemia 

10 Icterus gravis neonatorum 

1 1 Cooley s erythroblastic anaemia 
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The morphological changes in the red cells in anaemias of this tjpe 
are not distinctive except m the specific diseases pernicious, anaemia 
haemolytic jaundice and sickle cell anaemia In severe crises spherocytes 
may be found Amsocytosis and amsochromia are usually moderate 
and are tvpicallv less than in chronic posthaemorrhagic anaemia of the 
same degree The volume index (mean corpuscular volume) and color 
index may be somewhat reduced but more often they arc within normal 
limits and occasionally they are mcreased These anaemias are not 
hypochromic probably because the iron from the cells which have been 
destroy ed is retained in the body and is readily available for the production 
of new haemoglobin Evidences of active red cell formation reticulocytes 
polychromatophilic or stippled red cells even normoblasts arc usually 
present and may be numerous as in lead poisoning In acute cases there 
IS usually a leukocytosis and an increase in platelets In protracted 
chronic cases the blood may finally assume the features of an aplastic type 
of anaemia 

Paroxysmal haemoglotimuna la charaaunzed clinically by rccurri s bnef paroayims 
ol chills iever pa n in tha back pr straiion cramps vomiting or diarrhoea numbness 
■e the exteem ties a d haemoglobinuna Tt e individual attacks are usually precipi 
tated by exposur tocold orexpeiimc uHybyboldingthearmmicewater Ibeyare 
folio ed by j undic and (haemolytic) an enua which may be severe (R B C 10) 

The haemolysis v breu ht about by an ba molysin of the usual complex type The 
stable constitu nt ( amboceptor ) a pecul in th t it v ill combine w th cella only at 
alowtempe aturc Once combined itrendentbecellssuscepiibletothelyticactionof 
complement uh n vatm d to body (emperatu e ((be Denaih /anisleiner pie omintn) 
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The hae 1 hs n can usually be dem nstnt d in the following simple manner Put 
about CO of fresh (w rm) blood in each ol two test tubes and keep at b dy temperature 
until the serum has separated Keep one tube in the water bath at 37 C as a control 
andputth olb iin ice water for S toy m nates Then put th s in the w te bathforan 
h ur Iflheserum nthecontrolt bertm scotorless thepres neeof ttebaemolys n 
■s ind cated by more or le s Ci geing f Ibe erum ui the second tube If the result is 
doubtful addt each tube a liUle additi nalcomplement a d ret n to the water bath 
(Use I to 10 dilut n of fresh gui e pig serum or fresh normal human serum of the 
same bloo 1 group th is usually necessary if the blood has teen chilled for more than 

For mj e p eci e demonstrati n witbd aw abo t to cc of blood from the patient 
inawarmsyr ge allow ab ut 8cc t clot(f serum) and oxalate the test The blood 
solutions and appar lus must be kept at body temperature th gho t all man pula 
lions Wash the 11 and prepare a s" snspens n Secure 10 cc of normal human 
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blood of the same blood group and treat m the same way Prepare a r to lo dilutJon 
of fresh guinea pig serum as complement Set up lobes as shown on page 361 

Pot all tubes jn ice water for ro minutes and then m the water bath at 37 C for 
half an hour A positive reaction is indicsted byftsemofysis in tubes (f)and (jf and 
by absence of haemoljsis in all the other tubes 

The condition is regarded as a rare late manifestation 0/ syphths since a large pro 
portion of patients giie a positive Uassermartn reaction and it Can sometunes be cured 
by adequate treatment of the sypbibs The haemolysin has been observed in some 
Cases of late syphilis who show no clinical symptoms of paroxysmal haemoglobmuna 
but not in other conditions 

The disease must be differentiated from black water fev er and other rare forms of 
haemoglobinuria if arch haemazMinurta inay follow unusual muscular eieipoo such 
as hag Biarcbei or standing for boars in a lordotic posture 

Paroxysmal paralytic * toemoglobinuna (simibr to a relatively common disease 
of horses) has been reported in a few human cases There are recurnng attacks of 
extreme muscular weakness followed by haemoglobuiuna and later by more or less 
marked muscular atrophy but little or no anaemia The pigment excreted is m)9{!eii’t 
The muscles in fatal cases show marked degenerative changes and loss of pigment ( nsh 
flesh ) A somewhat similar acute degeoeralion of sinated muscle with nyoglobinurra 
has been observed in Konigsberg ( Ilaffkrankheit ) in individuals (and in cats) who 
had eaten fish which had ingested poisonous resinous aads the waste products ol 
cellulose factories 

Paroxysmal noctureai haemoglobisuna is a chronic relapsing disease of unknown 
etiology characterized by an insidious onset with w eakcess anarmu yauadice and later 
recurring attacks of haemoglobmuna without obvious exciting cause which usually 
Occur at night and lead to severe anaemia The blood shows a continuous haenM 
globinaemia, a Jeukopeou many reticulocytes and normal fragility Ifam (>919/ 
reported that the increased haemolysis occurred dunng sleep and was associated with a 
fall jn Ibepll of the plasma The abnormality seemed to be not in the plasma but « 
the cells since theyi ere haemolyzedin acidified fresh serum either of the patient or w 
normal todttidasls of the same bfood group Splenectomy has not been benefnsl 
(Reviewed by Uitts (rgjfi) and by Ilamburgerand Bernstein ioj6) 

Innoneof these conditions u there any relation tosyphili or to exposure to cold ana 
the ponath Landstemer phenomenon is absent 

Lederer s acute haemolytic anaemia is a syndrome observed chiefly in children ano 
young adults and characterized cbnicatly by an acute onset with fever by the rapio 
development of a severe haemol>tic anaenua (R B C to j 0) with great prostration 
jaundice abdominal pam vomiting diarrhoea often purpura and haemorrhages ocra 
sionally anuna and uraemia There is osualJ) a leucocytosis and often many myel^ 
cytesand some myehbhsts appear in the Wood ft tsoftea fatal tf notproperly treated 
but can usuallybecuredbypromptaodiepealed transfusions ortf Ihesefail bysp!en»c 
tomy It can not be distinguished sharply from other clinical types of haemolytic 
anaemia of unknown cause and u probably not a disease entity 

Lead poisoning frequently causes an anaemia which is usuaWy hypo 
chroiBic and moderate in degree {R B C 301040) butmaybecomesevere 
In severe cases it may cause an acute haemolytic anaemia DcLangcn. 
has reported its prevalence in natives in the Dutch East Indies both from 
accidental ingestion of lead and from the >ery extensive use office powders 
with high lead content \ oung children thus become poisoned from tbeir 
mothers The most characteristic feature of the blood is the appearance 
of many reticulocy tes and stippled cells These tells may appear withm a 
few days after exposure to lead jn the absence of appreciable anaemia 
Although stippled cells may appear m any anaemia m which active red 
cell regeneration is taking place and although they may be sparse m some 
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cases of lead poisoning their early appearance and their presence in large 
numbers is highly characteristic 

Actuil counts of I ppled cMs have been utilized to detect a d measure the degree 
of absorption of leadmmdustrial norkers In Germany a count of from 100 to 300 per 
million red cells has been regarded as an indication for enforced change of occupation 
Belknap (1935) has found that men nith counts of geo to 1000 per million might 
continue at work (or years without clinical symptoms of lead poisomng but that 
an abrupt increase above these figures was usually followed by acute symptoms 
Counts of 40 000 per million and mote ha e been observed The number may be 
estimated by counting the number of stippled ctUs lu oil immersion fields in an ordi 
nary thin film and multiplying this figure by 00 (the average number of ted cells per 
field IS about aoo and this should be rou hly checked by those not expeneuced m such 
counts) McCords b sophilic aggregation test in which dried thick films without 
fixation are starned with Manson s methyk e blue should be used if the cells are sparse 

An increase in re(ict<foc}fej although less specific u an earlier and more sensitive sign 
of lead absorption than the appearance f atippled cells There is a tough parallelism 
between the counts of the two types of 
cells Jones (1933) found the number ol 
reticulocytes trebled w th 00 stippl d 
cells per million and 5 times the n rmal 
with leeo stippled cells per nuUioo 
Reticulocyte counts I 6” and m re 
have been observed in acute po soning 
Jones fou d appreciable numbers I 
normoblasts in about 5^ of (he cbronK 

The resistance ol (be red cells to 
hypotonic salt solution is creased but 
the cells appear to be abnormally frag le 
and susceptible to mechan cal injury 
(Aub) 

Acetanilid and r Uted drugs mover 
dose cause a transformation ol haem 
globin to melha m floi This imparts 
to the mucous membranes a character 
istic dusky cy not c t ge It can be 
recognized by spectroscopic c anu 
nation but must be d fferentuted care 
fully from s Iphacmoglobm which gi es 
a closely similar spectrum \s a rule alter removal of the po son there is a revers on 
to normal baemoglobui without much injury to the ted cells More rarely it causes 
a severe acute haemolytic anaemia associated with a leukocytosis and occasionally an 
erythroblastosis 

Sickle cell anaemia is an hereditary constitutional anomaly practically 
limited to negroes transmitted by either sex as a dominant Mendelian 
characteristic and characterized by the tendency of the red cells (in 
sealed fresh preparations) to assume chuactenstic bizarre shapes The 
cytoplasm of the cells at two or more points becomes drawn out into 
elongated spine like projections so that the cells become crescentic or 
more often oat shaped or irregularly stellate Hahn and Gillespie found 
that the cells would resume the normal shape if orygen was supplied to the 
preparation and would again sickle if it was withdrawn These dis- 
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tortions are not seen in ordinary fixed films, except to a slight extent m a 
few cells in the severest cases 

A majonty of the individuals who show this trait are symptomless In a few cases 
recurring attacks of acute haemolytic anaemia occur with partial recovery m the inler 
vals In addition to the usual symptoms due to acute haemolysis older patients often 
complain of deep seated pain in the bones and joints often associated with osteoporosis 
in roentgenograms and chronic punched out ulcersover (he loner legs TheshuUmy 
show changes similar to those »n Cooleys aruemu The spleen is often enlarged m 
joung children later it becomes small and fibrotic Symptoms appear in childhood 
(if at all) and if severe the progoosis u unfavorable Ketardation of development 
both mental and physical is common 

The degree of anaemia is variable but it may be profound (R B C i o or less) The 
color index and volume index vary but usually are about i 0 There are many reticulo 
cytes and poly chromatophihc cells and often many normoblasts The fragility of the 
red cells is normal There is usually a leukocytosis and an increase in platelets In 
severe cases monocytes containing phagocytcd red cells can often be found 

Elliptical red cells w hich occur as a rare familial trait in Caucasians must be sharply 
differentiated The cells do not sickle and the condition does not cause anaemu or 
impair the health 

Haemolytic Jaundice — Two types have been described (i) a con 
genital familial form and ( ) an acquired form, occurring later m life and 
without a familial history 

Faimlial haemolytic jaundice depends upon a constitutional anomaly 
which IS transmitted bj eithersexas a dominant JlendeJian characteristic 
The disease usually becomes manifest during the second or third decade 
and is characterized b> recurring attacks ( crises )ofhaemoljticanaenua, 
with the usual symptoms of acute haemolysis and outspoken jaundice 
The serum bilirubin may be increased (0 from ro to 50 tunes the norfflal 
In the intervals there is partial recovery but some anaemia and jaundice 
persist The acute attacks may be precipitated by an acute infection or 
other associated disease but often no exciting factor can be found Gall 
stones develop m about half the cases andgaii stone colic and obstructive 
jaundice may mask the underlying disease The spleen is regularly 
enlarged The bone marrow shows a marked hyperplasia which is usually 
normoblastic The bones may show thickening and rarefaction in ro^t 
genograms Extra medullary areas of hyperplasia may occur The 
disease causes marked disability, but is rarely directly fatal 

The degree of anaemta is usually slight or moderate, but may be 
marked The average red cell count is from 3 o to 3 S The color index 
and volume index (and mean corpuscular volume) are normal or slightly 
increased The distmctiv e features are (i) The diameter of the red cells is 
diminished but the mean volume is not significantly altered hence the 
thickness must be increased so that the cells are more globular than 
normal Naegeli (igio) termed them spherocytes and regarded their 
formation as a manifestation of the constitutional anomaly underlying the 
disease Krumbhaar has called the disease spherocytic icterus 
(2) The resistance to hypotonic salt solution is diminished Haemoly^ 
usually begins m concentrations from o 5% to o 6 % rarely even o S% 
(instead of 044%) and may be complete at 04% to 048% (instead 
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0^ 034%) Not infrequently htwvever the dner^ence from normal is 
relatively slight (3) Reticulocytes are much incrcaseil often to iq% or 
20% rarely to 50% and more Other evidences of regeneration are 
present including frequently a few normobbsts 

i^frnecfamy stops the rapid ceU destniction and usually effects a permanent clinical 
cure although the ahcormal shape and dun oabed resistenie of the ctlis persist in some 
degree Relapses have occurred and jn some cases have been associated » th hyper 
pUsia of accessory spleens 

Not intrequentiy eiSBunatlon ol the reUtlsea of a pat nt re eala Utenl cues with 
a sbghtly 6 rainishtd resistance of the red tells to bn* tonic salt sotution as the only 
tnanitestitvan of the anomaly 

Acquired haemolytic jaundice as usually defined differs fundamentally (rom the 
familial type only in the la te onset and apparent lack f hereditary faciors The condi 
tion IS usually attributed to somei lection or other organ c disease (which is not abays 
demonstrable) Clinically the disease >s descnbed as usually more severe than the 
(anubal type the anaemia more profound (R B C average a minimun o 5) and a 
fatal uleome common Splenectomy is less regularly effect e The globular shape 
and diminished resistancs of the wd cell are often less clear cut V* ihe*e features 
constitute the only dee «ve charariemin: b) which the conditioo can be different ated 
fr m ord nary acute haemolytic anaemias many have questioned its eztsteace as a 
d stinct disease entity 

Damnheli {^ledicine 194a) has reported prodiKiog la siumals by laiectioni of 
baemotyiic serum an anaemia abicb ct s I> resembles arqusr d hsemolyt c jaundice 
in BUR iticludiRg th presence of spberocstosis and incKa^ fmgihty of the red cells 
He has pointed out the frequent otcurrence of spberorytrsin se ere haemolytic anaemias 
la man of both knoiin and uaVno nrtiology and bel eves no disiinction can be drann 
betneen acute haemolytic aosem a and acquired haemolytic yaund ce SpberecytoiH 
would therefore sot indicate c nsiiiuitonal anomsly of the bose marrow but would 
resutc from injury to (he mature red cells in the circulation presumably by son lytic 
substance la the plasma 

CoageiuUI Erythroblastic Aaaeciiia fEtythr blastosis roetalis) —This is a con 
genital familial (but nos d rrcily hered tary) disease of unknown etiology It appears 
la three diet n t cl n ca] types bicb protubly represent d Serent stages or dtiferent 
degrees of at enty of th same proem (Uiamond Bt ckf n and Batty t 03 j) Sue 
cmive children in the s me fanuly are often affected and may show different types of 
the disease AU have the follow ng chaiactensttcs in cororoon (i) A severe hypo 
ebrom c type of anaemia (R 0 C oft n or less) (a) Eatraord a ry numbers of 
circuUt ng eryfhroblasts (up t 00000 per cram) of *v ty stage of mltunty (j) 
Eattetne hyperplasia ( erythropoietic trssue both DlrameduIIary and ealramedullary 
n the spleen bver and many tber organs (4) Cteal enlargement of the spleen and 
Uvet (j) Aleukocyt siswitbmanyiiiimaturecetb (6) Often a bnght golden yellow 
vernix caseosa and arani l c Auid 

a IJyi ops FocioUs — In th s type (he infant la stiff born or d cs with n a few hours 
Thereismaikedgenfraluedcedeinaofsiieplattntaandf etaleissu s cardiacd latat □ 
dyspnoea and cyanosis 

4 /«eru G 0 ir t e ytalorum —There » jaund ce which may be present at birth 
or may app ar during the first ir to 49 boura It increases rapidly to a deep orange 
brown color Petechiae may occur The d sease it unit ated 11 fatal aitfain the first 
week in about 80®’ f the cases but it can oftea be cured by rep a led small transfusions 
crfHamps n tqaq) by mtramuscuUrsltjertMHisofnortnslhumao serum Recovery if 
itoccurs ISC mplete and permanent Th fi sues arc deeply letenc includ nglRwmc 
caseathebasalganglaf Kencterus ) wndthereareextensivedepos tsof won pigment 

< Coitfen taltnaem o/f*e«ci»Jerw spraclically idem cal wiifa the preced ng type 
eserptfora milderc urseandfortheabsenceoljaBiidice It isdisUnguishableftom the 
simpie hypoch omic anaemias rhieffy by UsectyditobUsto s and splenomegaly 
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The erythroblastic anaemia of Cooley isacongemtal and often familial constitutional 
anomaly largely limited to children of eastern Mediterranean races It ischaraclenred 
by (t) a hypochromic tvpe ol anaemia which becomes severe (R II C 17 Hb lo'i) 
(r) mild jaundice with hyperbilirubtoaemia (j) a leukocytosis (4) a marked erytiro 
blastosis (often 100 or more per 100 W 0 C) (5) a marked generalized hyperplasia of 
erythropoietic tissue w uh enhirgement of the liver and spleen and (6) peculiar charac 
teristic changes in the bones especially the sLulI The corte* is thinned and the 
medullary portion becomes greatly widened and porous so that in roentgenograms tie 
trabeculae stand out like fine sharp spines The thickening of the bone is so great 
that It gives the patients a characteristic mongoloid physiognomy with high bulging 
forehead and prominent malar eminences 

The anaemia is not noted at birth but becomes evident within the first year or two 
The disease runs a chronic slowly progressive course and is usually fatal within the first 
ten years However some mild cases in adults have been described Splenectomy has 
proved useless and is followed bv a great increase in the erythroblastosis (up to rsoo 
nucleated red cells per loo M DC) 

JlfSCEtLANEOtlS COVDITIOVS 

Banh’s disease is a disease of unknown cause occurring chieilj m 
joung adults, and characterized bj the gradual development of a h>-po 
chromic anaemia associated with splenomegal> progressiveweaknessand 
emaciation a tendenc) to gastric haemorrhages, and a terminal atrophic 
cirrhosis of the liver, with ascites and jaundice The anaemia is usually 
moderate (R B C 30 HU 50%) but evidences of red cell regeneration 
are scanty At times there are evidences of increased red cell destruction 
The fragility of the red cells is normal There is usually a neutrophilic 
leukopenia and a moderate reduction in platelets Splenectomy m the 
early stages of the disease is usually curative, or at least temporarily 
beneficial The advisability of this procedure has been questioned in 
cases with normal platelets because of the frequency of postoperative 
thrombocy tosis and thrombosis in this group 

The cases commonly included under this beading constitute a heterogeneous group 
and many investigators deny the eaistence of Banli s disease as a definite entity 
Similar pathological changes may follow occlusion of the splenic or portal veins from 
various causes The condition should be regarded as a clinical syndrome rather than 
as a distinct disease 

Anaemias in young children regardless of their cause often differ from those in 
adults in the type of cellular response Immature red cells are more numerous par 
ticularly normoblasts macroblasts and even megaloblasts There is more regularly 
a leukocytosis (or lymphocytosis) v bich nuy be marked and accompanied by 
immature leukocytes There is often enlaigeruent of the spleen liver and lymph 
glands due to erythroblastic hyperplasu in these organs The anaemia pseujeleu 
kaemiea infantum of Von Jacksch represents in marked degree such an inlantile response 
to anaemia resulting from a vanety of infectious diseases and metabohe or nutnlional 
disturbances 

POLYCimrAEMIA 

J 3 > a polycythaemia or more precisely an erflhroc^iosis is meant an 
increase above the normal in the number of red cells per emm of blood 

In a relaltie polycythaemta there is no increase in the total number of 
ted cells in the body It is seen chiefly as a transient phenomenon asso 
dated with dehydration and is a rou^ measure of its seventy A local 
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erythrocytosis may ocrai as a itsnlt of local stasis wbtth« due to chilling 
and acroc>3nosis or to the use of a tourniquet 

In an adsolule polycitkatmta there is an increase in the blood volume 
as well as in the red cell count There is a pathological increase in the 
total number of red. cells m the bod> TIms occurs (i) m thespecific disease 
crythraerma (polycythaemia \m) and (a) as a compensator) response to 
anotaemia in the following conditions {secondary pcil>c>thaem!as) 

i Xermal Iihiinduitlf if ll f A Ail tudcf — H thin *n hour or t« 0 after a soddea 
ascent (as in anal on) thece may he anse ot sooooo «d tells per emra due to an cm 
pounng o1 tells tram ihe spleen vYucli OistH’eais promptly stiet descent to nwmal 
levels With a sojourn at high altitudes ui some titdividuats there i« an increased 
produtlioB ol red eelis n tb a transient *ise in rtitculofytes wJiith is stimulated by the 
low 0 lensicn The ted cell count may reach 8 million or more In rare injtances 
typical erythraenua has ensu d In the higher altitudes in the Andes sorroche » 
common especially in Europe n travellers The prevail ng aymptoens are diauness 
headache nausea rapid pulse tachycard a increased reipitatioBS and bigb red blood 
ceil count 

a Id chrome myoeardal tnsulTciency mth eyanesi as in »eme cssrs of mitral 
stenos s and congenital pulmonary stenos t 

5 la raphytena in disuse puln nary hbtosts from any cause and m sclctms 
d the pulotocary art ries (Ayerto s dista <) 

i Alter tuidchroQ cpoisoaiftg with a variety oi blood po sons aucbtalead carbon 
fflonoside etc 

EryOmetma, or pol>c>thacn»a vera {rubra) is a chrome disease oi 
unknown etiology characterized by an er}thrD€ytosis with fttt l&crease 
in total blood volmne by a peculiar intense Cushing of the skin and 
mucous membranes b> erOargement of the spleen and by a normoblastic 
hyperplasia of the erythropoietic tissues It afects chiefly adults o\er 
50 y ears of age It is characterized chmeaBy by an insidious onset and a 
protracted chronic course with weakness headaches vertigo tinnitus 
paraesthesus nervous irntability and mUd mental disturbances The 
skin especially of the face and extremities acquires an intense mottled 
bnck red color the mucous membranes a deep purplish red or plum color 
due tomarkeddibtationof thesuperfiaal capillaries together with slowing 
of the local arculation Haemorrhages and thromboses are common 
There is often hypertension and resulting myocardial insuffinercy 
Occasionally cirrhosis of the liter develops or artenolosclerosis of the 
kidney and renal insufficiency The basal metabolic rate is increased in 
about half the cases 

The blood at some stage of the disease usually show s a red cell count 
of 8 million or more rarely even 13 to 13 nulhon However the count 
« not invanahly or constantly so hi^ In undoubted cases it may be 
between $ and 6 million The blood volume is always increased and may 
be double the normal a decisive point m doubtful cases The haemo 
gtobin IS vucteased to a rdativdy lesa degree usually 19 to 24 Gm 
130% to 160'^ The viKoMty ta from a to 5 times the normal The 
individual red cells are somewtot small and pale they show slight amso- 
cytosis and usually a snoderatt t&citase in reticulocytes and other imma 
lure forms Piaieiets are increased Tbere is a moderate leukocytosis 
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fthich maybe raaikcd and associated mtb a slight m>eloc>tosis Rarely 
m the terminal stages the blood may show an aplastic anaemia or the 
presence of myeloblasts and many mjelocjtes maj suggest a mjeloid 
leubatima 

SympMmitic relief siith rtstoraison of a nornut bl od count may foUon radiation 
of tht long bonea or more eertiinly ihe tot (to « Adouni traU n of pbenylhycJraiin 
The reserablince of the aymptontsand changes m ihe blood sjmtlsf tolhore of momt 
tarn sickness has suggested that there w aa anoMemta of the tissues in erjlhraeraja 
Honeier no mecham mfor the ptodu non of such an anosaemia has yei been demon 
sttated e cept that Ibicleniogof the aUsolthecapiJUneshasb endesenbed Some 
regard the ptoceuM 4 mil gaitithyperpla a analogoii* to leulseiwa 

teukepciua —In hala aaar in nbieh three ts vsuaili considerable anaemia ih most 
remarkable change m the blood is the leukopem The leucoestes are f rijaenily so 
reduced that instead of there bein i white to about Ojo red as in a oofnut p cson the 
pt portonisofUni ijoatn lonso (Seep idS) 

Leukaeoua — Diseases msohtng pnmanly the leitcocjtes and char 
actenzed by an abnormal proliferation of the Jeukopoietic tissue and by 
the appearance jn the circulating blood of immature leucocytes aith 
usually a marked increase in the num 
ber o! circulating leucocytes are 
appareatly rare among the inhabit 
ants of tropical countries Manson 
Bahr in his test book of Tropical 
Diseases (1940) does not refer to 
Leukaemia 

Of the three types of leukaemia 
occurring in temperate climates 
termed myelogenous lymphatic or 
monocytic depending upon eibicb of 
the leuKopoietjc tissues is invohed 
apparently only the myelogenous has 
been reported in the tropics and this 

form rarely , ^ ^ 

Chronic royelogenous leulsaenua m (•bona \arbm tcUn n m 
the most common type is a disease of ^ <C b t ) 
adults characterized climcally by an insidious onset mth simptoms 
referable to the enlarged spleen and progressive weakness emaciation 
and anaemia Symptoms of myocardial insufBciency and digestive dis 
turbances frequently occur and occa tonally haemorrhages pruritus 
priapism and pam and tenderness in the long bones The spleen is 
huge often reaching to the nght anterior superior spine Tiie liver is 
usually much enlarged the lymph glands canly 

The blood shows a total leucocyte count which is usually between 
loo 000 and 500 oeo per cmra but rarely it may reach i o or i 5 miliion 
Occasionally n is within the range of an ordinary Leucocytosis As a 
rule the bulk of the leucocytes are polymorphonuclear neutrophiies and 
neuttopViilK rnetamyelocytes (30% to bs%> neutrophihc myelocytes 
are always present (s‘^ to 70% usually 3o% to 50%) Eosinopfailes 
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and basophiles are increased and occasionally either type of cell may be 
markedly increased (up to 40%) The corresponding tyTJes of myelocjles 
are present, and there may be an occasional primitive m\eloc\tc or myelo- 
blast Pathological leucocytes of bizarre appearance are often found 
The Ij mphocj tes and monocj tes ate relatiy el\ reduced 

DltFESEVTIATlON OT THE VNAEMIAS BY THE BLOOD PlCIOtE 
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normal Immature red cells are increased and normoblasts are constantly 
present often in fairly large number rarely a few raegaloblasts 

DeLangen and Lichtenstein (1936) state that myelogenous leukaemias 
are reguhily found m the tropics that they are often o\erlooked or diag 
nosed as chronic malaria with a large splenic tumor They also say that 
lymphatic leukaemias are CTtremely rare and they have never seen a ca e 
in the Dutch Last Indies 

Bronchial Spirochaetosis — Since the reporting by Castellam of this 
type of respiratory disturbance it has been found to be widely distributed 
m temperate climates as well as tropical ones Johnson in Nigeria 
reported bronchial spitochaetes in 107 of 147 sputa but he notes that these 
organisms were found in typical cases of acute bronchitis pneumonia 
pleunsy asthma and pulmonary tuberculosis Castellam has reported 
various spirochaetes as present (B broncfiiahs B buccalts B *t««>il»and 
species of rre^oiiema^ and associated with these such orgamsms as 
streptococci pneumococci and the fusiform bacillus Cbnically he 
divides the cases into acute and chronic broncho spirochaetosis and the 
chronic group into (1) muco haemorrhagic or muco purulent haemorrhagic 
caws types with purulent expectoration and (3) types with putrid 
expectoration There is also an asthmatic type and he recognized mixed 
infections with tuberculosis and broncho mycosis Manv cases show 
patchy areas 0* consolidation Castellam has found in treatment atseiuc 
tartar emetic and potassium iodide the drup of importance Korthof in 
Batavia m 96 cases of bronchial disturbance found in the sputum in 
29 B tuherculosti and in 6 Treponema broHchiohi DeLangen recog 
nizes bronchial spirochaetosis as a distinct afiection However Manson 
Bahr does not seem convinced that this is a disease entity David T 
Smith (1927) concludes that we have a group of unrelated pulmonary 
conditions in which spirochaetes fusitorm bacilli and cocci are present 
In hi opinion the spitochaetes in the sputum are identical with those 
found in the buccal and pharyngeal cavity He produced spirochaetal 
infections in laboratory animals by the intratracheal inoculation of gingiv al 
spirochaetes of patients with pyorrhoea In 12 ca es of primary hron 
chiettasis he found the {usiform bacilb and spirochaetes in a\l The 
spirochaetal findings were noted m lung abscess following tonsillectomy 
other lung abscesses unresolved pneumonias various types of bronchitis 
bronchiectasis and tuberculosis \s would be expected the symptoma 
tology was protean Dram abscess and empyema are the most important 
complications see also pp iicoandijos 

Cerebrospinal Fever — At the close of the Spamsh American \\ar 
United States infantry troops returning from Cuba were ordered into 
barracks at Fort Cook Nebraska where during the cold winter months 
a large number of recruits were also received into the regiment Daily 
drills and militatv maneuvers requiring considerable physical exertion 
were performed The winter was a cold one and the troops were some 
what overcrowded in the barracks A severe epidemic of cerebrospinal 
meningitis with a high mortality took place The disease was diagnosed 
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by the writer bactcnologically and at autopsy When the troops were 
ordered to proceed to Manila by transport at the time of the Philippine 
invasion the epidemic ended Only a single case of the disease appeared 
among the troops after their departure from the Tort The epidemiologj 
of this disease also received exceptional consideration during the recent war 
and the outstanding factors m outbreaks seemed to be fatigue over 
crowding and lessened sunlight With the commencement of summer, 
when the troops could be quartered in tents or buildings open to prevailing 
w mds the prev alence of the disease fell not to return in serious proportion 
until the following winter with cold wet weather, depressing influences 
and lack of proper ventilation Zealous officers impati nt of delay often 
drilled the men to the point of inducing excessive fatigue particularly in 
raw recruits unaccustomed to strenuous military drill From the above 
It would seem that conditions for the occurrence of this disease m the 
tropics were unfavorable 

However sorne outbreaks have been reported of considerable sire 
notablv in the southern Sudan In Manila m 1925 there were 28 cases 
and 17 deaths and in the Central American hospitals of the United Fiuit 
Co in 1927 seven cases with 4 deaths were reported 

One who has never lived m the tropics cannot appreciate the intense 
discomfort, and even suffcntig, of the natives during periods of a marked 
drop from the usual temperature — even the European hunts up warmer 
clothing during a typhoon and the natives huddle in their houses closing 
every avenue of ventilation to keep themselves warm Depressing 
influences are somewhat similar whether m Northern Europe or m the 
tropics 

Cirrhosis of the Liver — A number of observers have emphasired the 
trequency of cirrhosis of the hver with ascites among native races The 
subject has been one of especial study by an International Commission 
for Geographical Fathology The Dutch pathologists and physicians 
have reported that of the various types of liver cirrhosis observed espe 
ciallv in the Dutch East Indies that the Laennec type is the most impor 
tant Next to this they place luetic cirrhosis or syphilis of the liver and 
finallv cirrhosis resulting from clonorchiasis and schistosomiasis in regions 
where these conditions are endemic They found the cirrhosis of Laennec 
exceedingly prevalent in Java and Sumatra and they emphasue that 
alcohol can play no part in it since the native drinks but little spirituous 
liquor The etiology of the condition is far from being clear and to wha 
extent chrome malaria may be responsible is not ev ident Some observ ers 
have suggested that the absorption of toxins from the large intestine m 
chronic bacillary dysentery or in amoebic dysentery may be a f^*^*®* 
others that it is influenced by the excess of highly and hotly spiced foods 
The Dutch observers have suggested that it may arise from chrome 
intoxication in a liver deprived of glycogen or in undernourishment an 
starvation , 

Since Mallory and Askanaxy have called attention to the presence 0 
copper in cirrhotic livers this has been studied at Batavia In an occa 
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sionit case an increased amauot of copper was found but it nas absent 
in the majority of cases of cirrhosis 

The chnical picture does not differ from that seen in Europe Many 
cases were successfully treated with salyrgan and ammonium chloride 
In addition to the prevalence of cirrhosis of the liver pnmary carci 
noma ol th» hver is ftequenll) founl la natives frequently associated 
ftith previously etistmg cirrhotic changes 

Gall Stones — The rarity of gall stones or of the tlinical picture of 
cholelithiasis and cholecystitis among the natives of the tropics is well 
rccogmzed Kouwenaar found gall stones at autopsy in Javanese males 
: 7 S 5 o for females 2 8% and for Chinese 3 S6% 

In Europe the majority of the stones contain cholesterin ffrom 60- 
95%) The stones examined in Batavia by DeLangcn have been bill 
ruhin limesa/c stones contajorng only from -tt% ol cholesterin which 
seldom give rise to clinical symptoms of galUtones and are not facetted 
as are cholestrin stones 

Dental Conditions.— For some reason the dental surgeons practicing 
in the tropics do not seem to have reported variations in frequency or 
character of dental diseases from that encountered m temperate climates 
This IS rather remarkable in view of the influence dietary and hygienic 
conditions hav e on the teeth and the explanation of the absence of reports 
m the literature cnav be Ih lack of time and energy on the part of those 
best fitted to make observations 

After extensive correspondence with dental officers of the Navy who 
bad served on tropical stations a few facts nere gathered for Admiral btitt 
by Commander Uilliams of the Naval Dental Corps 

Ilatvey failed to note any appreciable difference in the dentil infec 
tions of white people residing in the tropics from conditions noted at 
home There was often a tomplaml that caries had developed rapidly 
since coming to the tropics but the only basis for such statement was in 
connection with coincident bad health from tropical diseases or environ 
ment SIcCoIe serving with troops in the tropics during a period of two 
years was unable to note any apprecuble increase of dental canes In 
the Ihilippmes and Guam it was noted that the chewing of betel nut to 
which IS added a small piece of lime causes marked attrition of the teeth 
and fissutng of the enamel reachirg to the pulp This increases the 
incidence of canes alveolar abscess and diseases of the pulp The gums 
however are more seriously involved than the teeth 

Tichv has been impressed with the unusual inflammatory conditions 
of the attaching tissues of the teeth occurring in those serving in the 
tropics Afany persons claim that an existing pyorrhoea had its inception 
during tropical service and many complain that an existing pyorrhoea 
has assumed a more rapid course m the tropics 

The opinion seems general that \iDcent s infection is more common 
and more difficult to treat in the tropics and futthertnore the mucous 
membranes and the gums appear more susceptible to disease and respond 
more slowlv to treatment This is apparently also true of the healing 
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of tissues after extraction of teeth, of diseases of the pulp and of p>orrhoe3 
McColc reports a marked increase m alveolar abscesses but considers 
this as related to general bod\ conditions man unaccustomed ensironment 

Reed makes no comment on the incidence or progress of dental canes 
m relation to those indigenous or not indigenous to tropical countries but 
observes that there exists a noticeable difference between dental problenis 
encountered in the tropics and those ordinarily met with in the temperatf 
zones He enumerates the difTercnces as follows (i) a marked increase 
m the number of cases of spirochetosis of the mouth (2) a greater xnrulenc^ 
and extent in cases observed, (3) a delajed response to ordinar> methods 
of medication and increased susceptibility to post operative infection 
and (4) the failure of accepted methods of treatment m the effort to 
retain pulpless teeth as useful units of the dental arch 

Diphthena — Formerlj there was an idea that diphthena like scarlet 
fever was exlremcl> rare or unknown m the tropics The assistance 
of the laboratory has shown that this old idea is incorrect and that the 
disease ma> be fairl> prevalent m manj tropical regions It i» more 
common in the Caucasian race In tropical Africa according to the 
reports (from East Africa Uganda Tanganika and West Africa) it is 
rare and only sporadic cases occur 

Eadoenne Disturbances —Internists in all parts of the vvorW arc 
beginning to appreciate that man} of the puzzling complaints of ill 
health are connected with abnormal functioning of the ductless glands 
The conditions resulting from excessive or diminished functioning o( 
the th}roid gland are well understood and the determination of the basal 
metabolism rate is now a standard laboratory procedure There ate 
many types of apparatus on thi* market and the determination is within 
the reach of any hospital staff 

Hyperthyroidism is now rarely unrecognized as is also true of myxoe 
dema but sub states of thyroid functioning are less frequently recog 
mzed The association of myxoedema m Chagas disease is discussed m 
Chapter IV The thyrotoxic heart may be produced by exposure to 
tropical conditions and may progress to a fatal issue McCarnson has 
stressed the importance of endocrine disturbances m dietetic dehciencits 
and notes atrophy of all the glands of internal secretion in such conditions 
with the exception of the adrenal which tends to hypertrophy 
IS possibly some hypertrophy of the pituitary in males The oedema 
which accompanies most of the food deficiency diseases he associates 
with the adrenal enlargement and hyperactivity of function although 
oedema does not invariably result from such hypertrophy In pellagra 
there is a low blood pressure possibly due to adrenal hypofunction 
Goitre IS found in many parts of the tropical world and Castellim states 
that this disease is met with frequently in Ceylon and various regions 
of Africa It is common in some parts of Brazil where Chagas disease is 
prevalent Disturbances of the internal secretion of the pancreas result 
ing in diabetes are common m parts of Asia The question 0/ parathyroi 
dy^functionisdiscussed under sprue Chap \X^lI Sundstroemfoundthat 
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the endocrine glands m the tropics exhibit a decrease of functional activity 
and that therefore a parallel decrease in blood sugar should take place 
He obser\ed that this actually occurred m Europeans of both sexes 
who had lived in the tropics since bittb Also a positive correlation was 
found between the sugar values and leutbm and cholesterol ratios m the 
blood DeLangen and Schut in Batavia found that m the newl> arrived 
European the blood sugar was augmented 

The importance of disturbances of endocrine lunctions is emphasised 
m so far as energy is concerned by the studies of Sundstroem and of 
Radsma on acid base equilibrium basal metabolism An alkalosis is 
present in the majority of tropical residents at the height of the hot 
season and may have an undesirable effect upon their physical well being 
However adequate water intake and muscular exercise may alleviate 
this alkalosis Sundstroem found that the basal metabolism varied 
between 25 5 and 36 1 calories with an av«rage of 31 Vanations in the 
dry and v et bulb temperatures may affect the level of basal metabolism 
in certain individuals Radsma concludes that the basal metabolism 
m Europeans is reduced or is at least lower than the standard values 
which obtain in Europe and America See also p 1694 

Focal Infections —Attention has been directed to the importance of 
certain localized bacterial foci which may extend through blood or lymph 
channels and give rise to various systemic or localized diseases Most 
important of these diseases are various types of arthritis together with 
endocarditis myocarditis and pericarditis Next in importance are renal 
infections chiefly of the glomerulonephritis type 

Cholecystitis appendicitis pancreatitis and various skin lesions may 
also hav e origin in a focal infection The primary foci may be localized in 
any part of the body but those seated in ihe lonsiUr peridental membrane 
nasal and accessory sinus tissues are the most common and important 
Focal infections of the getuto-unnary tract may also {,ive rise to generalized 
conditions as is also true of such foci in the alimentary tract In the 
tonsils we should particularly examine the material of crypts for various 
streptococci and likewise the bacterial flora of tooth abscesses or pyorrhoea 
alveolans 
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Glanders —This rare disease of Europe and the United Slates seezrs 
to be much more common in many tropical countn s In the Philippines 
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it sometimes showed itself in the acute form and has been much dreaded 
b} reason of Us great infectiousne^s See melioidosis (Chap \X ) 

Influenza — In temperate climates we associate this disease with 
bronchial and corj zal manifestations In the tropics tjpes difScult 
(0 rtcognue are noted eapeciallv the gastro-intestinal and a nervous 
one The similaritj in the chmeal picture of dengue with slight eruption 
in tropical influenza is striking During the last pandemic of influenza 
there was a frequent complication of influenza pneumonia many cases 
of this influenza bronchopneumonia resembled plague pneumonia and 
w ere sometimes confused with it b) the uninitiated 

The disease is difficult to recognize during jnterepidemic penod» on 
account of the lack of any distinctive physical signs The onset is abrupt 
with a rapid rise of fever, headache pains in the back and in the calf 
muscles and a rather characteristic soreness 0/ the eve muscles There 
IS a prostration which is often out of proportion to the other inamfesta 
tions and may be prolonged There nia> be (rarely) an erythematous 
etupuem There vs usually a leukopenia Influenza, like measles reduces 
the resistance to other infections, and secondary infections with the 
pneumococcus streptococcus and Tfeiffer 5 bacillus are common 1 “ 
fatal cases death is due to these secondary invaders and rarely jf ever to 
the influenza virus alone In the great pandemics the cases occurnog 
during the first outbreak are generally mild whereas those m the Bvicceeo 
ing outbreaks are attended w ith a higher mortality ow mg to the more fre 

quent and severe secondary infections This lowering of the resistance it 
indicated by the leukopenia and by the disappearance of the tuberculin 
reaction The clinical picture m influenza 1$ v try similar to that of dengue 
and the dengue like infections and the diagnosis is particularly difficul 
m regions where these are prevalent 

Etiology Bacillus Influenza— (I/aewo^Aihir vtfintn at) wasongi 
nally isolated bv Pfeiffer from the sputum and nasal passages of cases of 
influenza and was believed by bun to be the eliological agent ot the 
disease Recent work however has established the fact that a filtrable 
virus is the primary cause of the disease Shope has shown that lypica 
swine influenza can be produced m swme onlv when the influenza bacilli^ 
IS inoculated together with the virus of influenza (human or swme) an 
It is possible that a similar relationship may enst m man On the other 
hand the discs e can be transmitted to ferrets by inoculation with the 
sivine or human virus alone and is not modified bv the addition of either 
the human or porcine influenza bacillus 

The evidence at present indicates that lE this oTgamsm play* any Part in the pradue 
tion of the disease it is purely a secondary one and that a dtrable virus is the etiolofica 

In 1919 NicoUe and LebaiUy obtained a disease in rnonteys resembling human 
influenra by intranasal inoculation of filtered extracts of the blood and pasii secretion 
of influenza eases but were unable to cany the infection through a second sen** ° 
animals 

By using a susceptible animal the ferret, WUson Smith Andrewesand 
Laidlaw (1933) ^blc to produce a disease similar to influenza by 
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mtranasal inoculation of filtered nasal secretions from influenza patients 
They succeeded in transmitting it senally m ferrets by mtranasal instilla 
tion and by contact No other method of inoculation produced the 
disease In these animals the virus was demonstrated onl> in the nasal 
mucous membrane It is not found in the blood either m the inoculated 
animals or m human cases of the disease Scrum from these animals after 
recovery and from human convalescents neutraliied the virus 

And cues et (1934) alv) praduced the infection in mice by intrtnasil inoculatio 
In these animals the virus taused n broncbopneumonu similar to that nhich frequently 
occurs in human influenza and the viro nas demonstrated m the lungs with or without 
secondary invaders The disease in sure was frequently fatal The v rus from butnan 
casesuasnotpathogemc for mice untilitbadb cn established in ferrets and therefore 
mice are not suitable for isolating tbebjman us On the other hand bothmicea d 
ferrets are susceptible to the virus of sninc itiSuenza Anaesthelization apparently 
renders the animal more susceptible and predisposes to the de elopment of an extensive 
pneumonia The vir is isolated by these invest ators from human influenza *as shown 
by cross immunity tests to be related to (but not identical with) the virus of swine 
influenza Acc rd ng to Shope an animal uhKb has recovered from either human or 
swine influtnaa s immune Vo both but its set m protects only against Ov homologous 
virus Sw me uiQuenaa resembles the human di ease also m the association of a Cram 
negative b eiUus (// >neM>f tnjl en j i») with the irus Shope has shoun that 
the typcalseverediseasein swinedepe dsuf n the combined aeti ityofboththe irus 
andthebaeteriim The virus alone causes only an iH-deSned mild Iran lent infection 
which » often afebrile and the bacillus alone produce no ill efiecls 

The observations of Andrew e« Laidlaw and Smith (193$) and of Shope francisand 
others ( 93S) have shown that the viruses obta ned from recent cases of human influ 
enza even from widely separated regioDS m y be identical with one another but differ 
immunologically from that of swine influenza Tbeysuggesi however thattleswine 
influenza virus is identical with the human virus of the pandemic of 018 The dit 
ease appeared for the first tune in svme in the United States at the beginning of the 
pandemic and probably was transm tied to swine f m man These observers have 
found that the serum of a Urge p oport on of adults examined who may have been 
infected at that time (but not of ehild en under tt) contains antiviral substances tor 
swineinfluen a but in many cases not for the present buman strains rrotecUve power 
for the human irus now pte alent s common in child en as well as m adults 

Imn u ly —There is httlc or no natural immunity to « fluenza as is shown by the 
e rmousmorb dity at thebegir ningof anep dermc An attack of the disease produces 
som immunity This has been regarded as only teUti e ■ degree a d of short dura 
tion because of the occurrence of a success! n of outb eaki for two or three years after 
each of the great pandemics If Shope s ewa are correct however the acquired 
immunity must be more s bstantial aod endun g than has been believed Further 
observatio s have proved (he esiste ce of vir sei whch are antige cally distinct this 
may explain the apparent lack f in munity 1 d cated by the epidemiological studie 
and some of the fa lures in protecti e inoculation 

Malignant Tumors — It has been stated that malignant tumors are 
'er> rare among tropical natives The proper solution of this question 
however was complicated b> the frequent lack of careful autopsir^ 
Choisscr in Haiti in a series of 524 consecutive autopsies reportedly 
or 3 24% of the cases dpng as a result of malignant neoplasm Of this 
number 14 died from carcinoma and 3 from sarcoma (The tissue 
of origin of these tumors was as follows i from lung 2 uterus i bladder 
I tectum 2 pancreas 4 stomach 3 breast 1 1 > mph node i leg i face ) 
During this period of investigaUon 34a biopsies were studied from 
operative material Out of this number 64 or 18 proved to be 
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it sometimes showed itscU m the acute form and has been much dreaded 
by reason of its great infecliousness See melioidosis (Chap \\ ) 

Influenza — In temperate climates we associate this disease with 
bronchial and coryzal manifestations In the tropics types difScult 
to recognize are noted especially the gastro intestinal and a rier\ous 
one The similaritj in the clinical picture of dengue, with slight eruption 
in tropical influenza is striking Dunng the last pandemic of influenza 
there was a frequent complication of influenza pneumonia many cases 
of this influenza bronchopneumonia resembled plague pneumonia, and 
were sometimes confused with it by the uninitiated 

The disease is difficult to recognize during interepidemic periods on 
account of the lack of any distinctive physical signs The onset is abrupt 
with a rapid rise of fever headache pains in the back and in the calf 
muscles an«l a rather characteristic soreness of the eye muscles There 
is a prostration which is often out of proportion to the other mamfesU 
tions and may be prolonged There may be (rarely) an erythematous 
eruption There is usually a leukopenia Influenza like measles reduces 
the resistance to other infections and secondary infections with the 
pneumococcus streptococcus and TfcifTers bacillus are common In 
fatal cases death is due to these secondary invaders and rarely if ever 
the influenza virus alone In the great pandemics the cases occurrmo 
during the first outbreak are generally mild whereas those in the succeed 
mg outbreaks arc attended with a higher mortality owing to the mote in 
quent and severe secondary infections This lowering of the resistanceis 
indicated by the leukopenia and by the disappearance of the tuberculin 
reaction The clinical picture m influenza is \ ery similar to that of dengue 
and the dengue like infections, and the diagnosis is particularly difficult 
in regions where these nrc prevalent 

Cltologv II vciLLOS lNFLUCNZA-~-(//oe»iop/ii/i« tufliivi ae) was origi 
nalU isolated by Pfeiffer from the sputum and nasal passages of cases of 
influenza and was believed by him to be the etiological agent of ih* 
diseise I\eccnt work however Ins established the /act that afillrable 
virus is the primarv cause of the disease Shope has shown that typical 
swine influenza can be produced in swine only when the influenza baciHus 
IS inoculated together with the virus of influenza (human or swine) and 
It IS possible that a similar relationship may e^ist in man On the other 
hand the disease can be transmitted to ferrets by inoculation with the 
swmc or human virus alone and is not modified by the addition of eithec 
the human or porcine influenza banllus 

The evidence at present indicates that if th»* organism plays any part m the ptoduc 
tionof the disease It IS purely a secondary one and that a filtrable virus is the eUalogica 

^ In 1919 NicoUe and Lebailly obtained a disease in monVeys resembbng humsn 
jnduenia by intranasal inoculation of filtered extracts of the blood and nasal secretions 
of influenza cases but were unable to cany the mfcctioa ihmugh a second series d 
animals 

By using a susceptible ammal the ferret Uilson Smith Andrewesaud 
Laidlaw (1933) able to produce a disease similar to influenza by 
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quenc> of gastnc carcinomata is emphasised but carcinoma of the oesoph 
agus IS said to be common among the Chinese The prevalence of 
skin carcinoma on the legs and feet following chronic ulceration is not 
common 

In Cejion the commonest malignant gronth in both women and men 
between 35 and 50 is said to be cancer (epithehoma) of the cheek and to 
be due to irritation caused by betel chewing It is also common in 
South India 

In Kashmir what is termed Langri bum (burn cancer) is found in 
the older men where it is said that in the mission hospital 84% of the 
operations performed arc for this condition The kangri earthen ware 
bowl 5-6 inches in diameter is surrounded bv basket work It is heated 
by wood charcoal and is placed or even worn against the skin under a 
loose garment The heat given out is estimated at 150-200 F The 
epithehomata usually appear in the scars of previous burns 

In Australia epithehomata of the face have been reported by Burrows 
and others in Scottish and Irish immigrants The growths are said to be 
due to excessive irradiation by ultraviolet ra>sof the sun 

Measles — Is not uncommon m a number of tropical countries 
There does not seem to be any difference as to the symptoms and epi 
demiology of measles whether m the tropics or in temperate climates 
There have been numerous records of the devastating effects of the disease 
when first occurring in a population previously exempt and the usual 
explanation is that of inhented resistance Squire in his account of the 
very fatal epidemic of measles in Fiji in 1874 when some 000 Fijians 
died attributed the great raortabty to the fear that seized the natives 
who abandoned their sick or subjected them to forms of treatment produc 
tive of serious complications He states that we need invoke no special 
susceptibilitj of race or peculiarity of constitution to explain the great 
mortalitj— thousands were carried off by want of nourishment and care 
as well as by dysentery and congestion of the lungs 

Mumps — ^This disease is found in many parts of Ihe tropics and 
presents similar features to the epidemic parotitis of temperate chmates 
In the Philippines there seem to be cases similar to mumps but without the 
contagious feature so charactenstic of the disease in Europe 

Nervous System (Diseases of) — Encephalitis lethargica (Economos 
disease) has been reported in epidemics in Sarawak and in Cochin China 
Encephalitis (Type B) is common in Japan and is apparently identical 
with the form found in St Louis U b A in which there has been absence 
of ocular lesions Epidemics of antenor poliomyelitis have been noted 
in a number of tropical countries and particularly in Africa in Uganda 
and Kenya Cerebrospinal meningitis has been referred to above 
Sleeping sickness is discussed in Chap HI 

^eumoiua — Just as with the tubercle baiillus so does the black 
race seem to have less resistance to the Dtplococcus pneiimontae than does 
the white one Great engineering works emploving tropical natives are 
frequently associated with very fatal epidemics of pneumonia especially 
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‘cancer, ii sarcomata and 53 carcinomata The biopsy neoplasms 
included the following types of malignant tumors 2 non melanotic 
melanomas 3 pigmented melanomas 6 fibro sarcomas 7 squamous cell 
carcinomas 23 adeno carcinomas and 3 basal cell tumors 

The microscopic appearance of the cells of the \ anous cancers differed 
m no wav from that found in ncopbsms of temperate climates Many 
cell types were reportedas anaplastic andapparently of the highest grade of 
malignancy In such instances one would c’cpcct early diffuse metastases 
in adjacent and distant organs but it was surprising to observe when 
dealing with such highly malignant tumors to find that distant metastases 
were rarely encountered 

It is of interest to note that prior to this investigation cancer in Haiti 
was considered extremely rare as no cases were definitely proven from 
a microscopic standpoint to have existed This did not indicate that 
the incidence of cancer was increasing there, but that scientific inv estiva 
tion had revealed a condition that was ever present but unrecorded 
Some statistics collected by Hoffman showed that cancer was almost 
eight times more prevalent in European clinics than among primitive 
races This does not indicate that the primitive man enjoisan injinunjty 
Such variation can be explained by the fact that little or no pathologic 
study has been done among the pnmitive and also to the fact that a great 
proportion of primitive people do not live to the cancer susceptible age 
Leonard Rogers in a comparison of tumors in Calcutta and London 
giv es the following percentages For Calcutta benign tumors 4a, malignant 
58 while for London the corresponding percentages arc 43 57 As 

regards malignant growths in Calcutta t$% were sarcoma and 39*0 
carcinoma while the corresponding figures for London were 9 and 47 
Some striking variations m frequency of cancers were as follows the 
first figure referring to Calcutta the second to London Tongue 19 
throat 03 — 2 penis, I 5 — 07 cervix 67 — 18 breast 6 8 — 15 uterus 
4 5 — 17 stomach 04 — ii large intestine 07 — 33 

In concluding fiis study Rogers says that those who proclaim the 
rarity of malignant growths m native residents of the tropics must prove 
their assertions by accurate pathological data such as the figures he has 
giv^n which m 90% came from native Bengalis living in villages under 
primitive conditions and on a diet of natural foods 

Malignant growths have also been shown to be common in the Dutch 
East Indies by DeLangen and Lichtenstein In a series of 5000 autopsies 
malignant growths were encountered in 9% and the proportion of sar 
comatous to cancerous tumors was i to 3 9 whereas in some European 
and American statistics it is i to 10 Sarcomata of the very malignant 
round cell type predominated hfalignant disease of the breast is not 
uncommon in the East African nativre and according to \ mt in almost 
20% of the cases it is found in males O Connor has reported that m 
Bengal, melanotic sarcoma is commoner than in Europe Primary liver 
carcinoma constitutes 12% of all caranomata in the tropics (Vint) and 
in 90% of the cases is associated with arrhosis (Snijders) The mfre 
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The wnter is not familiar nilh tJus Braaihao disease but he thinks there is a tropical 
contagious formof pemphigus in ikhich the causative organism has not been demonstrated 
Trtf cal Batts — It is interesting that the same organism responsible for this more 
fulminating lesi n should be the one responsible for the common cosmopolitan bo 1 and 
inf ctboilsareexceedinglycommoninthetropics These boils may be larger and vritb 
a greater tendency to n idespread distribution and m some regions they are so Common 
as to have a regional designation (Nile boib) The staphylococcus of tropi al impetigo 
seems to have greater virulence than that of the bods Autogenous vaccines have 
sometimes been successful n the treatment of boils 

Kabies. — This casmopoUtan disease is common ui addition to temperate regions in 
many parts of the Onenl India Africaandpartsof entral South America Anunusual 
paralytic type of rabies m man and in cattle has b en reported in Trinidad and aho in 
South America It hat been shoyrn to be transm tied by the bite of the vampire bat 
Desmadus rotund IS (LiTm. 1934) Rabies 1$ primanly a disease of dogs nolves cats 
and other carni orous animals but is communicable to man and domesticated animals 
through the sal vary secretions I rabid animals U 11 spread most commonly by bites 
but infections ha e occurred from the licking of apparently normal sVin by rabid dogs 
Cpidcnuolog cally rabid dogs rcalmostciclustvely the source of infection Rabies 
has he n erad cited from England by rigid quarantine of imf orted dogs The s liva 
of the rabildog may be i feclivc five davs before the onset of symptoms and remains so 
until the death of the animal Tbebrsisymptomsintbedogartch ge of dispo iiion 
followed by e eiiability (e en loousncss) and ending in par lysis and death uithm 
10 days Death feUaus de etopment of symptiius invariably in man and almost 
invariably in the dog but the disease 4 esn tal ays develop from tbe bite Clothing 
may bsotb the uUv* Cornwall reported a senes of 4 3 persons bitten by known 
rabid d gs Of thes ea esu3d vel ped rabies Lacerated bites about the face neck 
or upt er eat emit es ate the m st semus In man the period of incubation is from 
s weeks to 6 me ths usually Ws than 0 weeks Tbe frst symptoms are imubility and 
depre on w th ea ly d ITculty n deglutit n These tie succeeded by eatteme test 
lessness a d hypetaesth Tbe dee d of dnnking vraiet (bydrophob a) is duo to 
painful refl a spasm The lemrerature ranges from 00 to lei F The stage of 
eaeitement lasts about a or 3 1 ys and is f Uo ed by a paralyiic stage which lasts a tew 
bouts and ends in death 

Rabies IS caused by a neu otr pic u s fllcrabtc ihrough all grades of Cerkefeld 
fillers Inclusion (Negnj bodies are ptacCKally alwaya detnonsttabi within the cyte 
plasm of the Cerebral cells but lisnolkno n whether these bodies represent aggregates 
of the virus or cell 1 rsubstanc stormed in response to Us presence or (probably) both 
After noculation the ru apparently tra els sloi ly to the central nervous system 
by way of th asiscyli ders ol the peripheral nerves It has never been demonstr ted 
in (he blood In th dog (seldoininiiian) tbevir sis constantly present in the saliva 
and IS bel eved Co reach tbe sab ary glards I y way of the ner es 

The vir s can be pr ser ed for m nths in 50^ glycerin If froren and desiccated 
rap dly it maintains its virulence but if dr edit room temperature itloses tsvirulence 
within a week Marked differ ncesin v fulence occur in anous strains of street viris 
and may be produced by adapting t to different spec es of hosts but all types are 
immun logically related 

Dai ojii — The symptoms a d death of a rab d dog are important points in d agno 
SIS theref e ihesu prctcdanim Isti uldbekeptuoder bser align If bid thedog 
will develop cl meal evi I ce f the d> eas and die within $ days If it is kilt'd pre 
maturely Ih characte 1 tic hi t I gical changes in the brim may not have developed 
suite ently to pe mit diagno s to be m d« When the an real d es the head and 
se er I inches of the n ck sh uH be removed a d se t to the nearest 1 b ralory The 
head may be pack d in ic or the b am can be r mo ed sect ontd and placed in equal 
parts of gl)cenn and water (Stenhze th diuted glycerin by be Ung and allow to 
cool ) Ths will preserve tl e irus f tn nths The diagnosis is made by the demon 
strati nofthe nclusi n(S gn) bodies in the cjrt jdasm of the cells m the brain These 
are pract cally constantly present and ate ch racteiistic ol rabies 

The Aejn Miu were first described by Ntgn in 1903 They art round or o al 
bod esfrom 1 to son la diameter whschareptestatwithm the cytoplasm of the cenbral 
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bronchopneumonia Again m the black races the infection tends to 
become generalized rather than localized in the lungs It is more tone 
and insidious in its course than is true of the infection in the white man 
it has the fatal trend of pneumonia of the aged Another tendenc> is to 
invasion of the meninges Dd^ngen has emphasized its prevalence and 
high mortalit> m the Mala> race in the Dutch East Indies 

Pyogenic Infections m the Tropics —The frequency of pnckly heat 
m the tropics and other causes of pruritus as the bites of insects and 
mould infections bring about scratching and transfer by the hands of 
staphylococcal and various other pyogenic organisms Furunculosis is 
very common in the tropics and carbuncles seem to be more frequent 
than m temperate climates There seems to be a tendency for these 
pyogenic infections to spread more widely and to invade the blood stream 
than is true in Europe or the United States There are so many resist 
ance lowering factors in the tropics as insomnia from the heat or biting 
insects or skin irritations that may lessen the vitality The various 
diseases one is likely to contract m the tropics are many of them associated 
with a lowered opsonic mdcT and in the case of dengue with its leuco- 
penia Stitt believ es there may be a factor favoring the metastasis of local 
suppurative conditions to the kidney liver or other internal organ 

Tropteal Impel no —Under the designalioo pemphigus contseiosus Manson described 
a very common skin disease of the tropics Thecondition however is not the elaasical 
pemphigus A bacteriological examination shows in a him from a vesicle great numbers 
of pus cells containing phagocytosed diplococci ^Vherry named the organism Diplo 
ceeens pemphigt centagtou Culturally this organism resembles Slophihcocetu ciireus 
UTien in pus cells of an active inflammatory processes it may show a diploeoecus 
morphology 

The disease is markedly contagious in children and is strikingly auto moeulabie 
so that unless the first lesion is treated immediately the eruption may become general 
leed A small spot of erythema first appean which rapidly becomes vesicular the 
bleb covering the entire spot so tlat there is practically no surrounding inflammatory 
areola The diaphanous covenng rubs off with the slightest touch and leaves under 
neath a taw looking surface which extends peripherally to form an angry looking red 
patch an inch or more in diameter In adults it rarely affects parts other than the 
axilla or crotch occasionally the chest The general health of the child is practically 
unaffected 

The usual treatment is with bichloride lotions followed by a dusting powder of equ^l 
parts of boric acid starch and nnc oxide An ointment of ammoniated mercury s 
to 57 according to age is the most satisfactory treatment 

G Trovasos (1943) has reportedaformof pemphigus known m Brazil by the name 

of fogo sehagem or wild fire and that the etiology had been hnked with a filterable 
virus This form of pemphigus fohaceirs is common in Brazil and its contagiousness 
is generally recognized The chnical symptoms of it are the same as those found else 
where but the subjective phenomena itching burning and acute pain are much more 
severe and have given rise to the popular name for the condition The disease has also 
been especially studied by J P Vieiraf in Sao Paulo Lmdenberg after failing to find 
a visible organism in pemphigus foliacens thought that a virus must be responsible for 
it and in 1937 he published successful expeimtents of transmission by injection into the 
testicles of serum from the Wood of pemphigus cases He also reported the trans 
mission of the disease to guinea pigs Vieua and his collaborators have not been able 
to confirm these results but are stiff continuing their investigations 

Trovasos \ Bol de la Oficina Samt Panamer page pro Sept 1942 

t Vieira J P page 913 Sept 194* 
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The writer IS not familiar with this Brazilian disease but he thinks there is a tropical 
con ta^ous form of pemphigus in which the causative organism has not been demonstrated 
Tropical B Is —It is interesting that the same organism responsible for this more 
fulminating les on should be the one re ponsible for the common cosmopolitan boil and 
in fact boils are ezceedmgly common in the tropics These boils may be larger and with 
a greater tendency to widespread distnbution and m some regions they are so common 
as to have a regional designation (Nile boils) The staphylococcus of tropical impetigo 
seems to have greater virulence than that of the bo Is Autogenous vaccines have 
sometimes been successful in the treat nent of boils 

Rabies.~This cosmopolitan disease is eommon in addition to temperate regions in 
manyp rtsof theOnent Indi AfncaaodpartsofcentralSouthAmenca Anunusual 
paralytic type I rabies in man and in cattle has been reported in Tnnidad and also m 
houth America It has been shown to be transmitted by the bite of the vampire bat 
Desm d t roiundu ^ima iqja) Rabies is pnmanly a disease of dogs wolves eats 
and other carnivorous animals but is eommunicable to man and domest cated animals 
through the salivary secreti ns f tab d animak It is spread most commonly by bites 
but infections have occurred from thebckingof apparently normal skin by rabid dogs 
Ep demiologically rabid dogs are almost c clasively thesou ce of infection Rabies 
has been erad cated from England by rigid quarantine of imported dogs The saliva 
of the rabid dog may be infecti e five days before the onset of symptoms and remains so 
Until the death of the animal The first symptoms in the dog are cha ge of disposition 
folloued by excitability (e en iciousness) and end ng in paralysis and death mtbin 
10 days De th folliws development of svmpteins i vttiablv in man and almost 
invariably in the dec but the d sease docs not always devel >p from the bile Cloihi g 
may absorb the saliva Cornwall reported a senes of 413 persons b tten by known 
rabddogs Of these cases i43 de eloped tabes Lacerated bites about the face neck 
or upper extremities are the most senous In man the per od of incubation is from 
I w eeks to fi months usually less than 6 weeks The first symptoms ate irritab lity and 
depre sion with early dill cutty m deglutition These ate succeeded by extreme rest 
lessness and byperaesthesix The dre d of dnnking water (hydrophob a) is due (0 
pai ful reflex if asm The temperature rang s fron toe to os I The atage of 
excitement lasts about s or 3 daysand isfolloned by a paralyi c stage which lasts a few 
ho rs end ends in death 

Rab es is caused by a neuroiropic "s filtrable through all grades of Betkefeld 
filter Inclusion (Negri) bodies arc praclic Uy always demonstrable within the eyto 
pfaenof the cerebral cells but it is t known whether these bodies represent aggregates 
of th virus or cellular substances form d in re ponse to its presence or (probalilyj b th 
After in culation the virus apparently travels slowly to the central nervou xvstem 
hy » ay of the axis cybndcrs of the peripheral nerves It has never been demo strated 
in (he blood In the d g (seldom in m n) the virus is con lantly present in the saliva 
anl Is believed to reach the salivary glands by way of the ne ves 

The virus can be p eserved (or roo Ihs in 50*' glycerin If froze and desiccated 
rapdly it maintainsils virulence butifdnedat room temper ture it loses its itulence 
within a week Ma ked differ ncesin irulence occur in arious stra ns of street virus 
and may be produced by adapti g it to d Here t sp cics of hosts but all lyj es ate 
immunologically related 

O aj 0 —The symptomsanddtalhofarabiddof are important po nls in d agno- 
‘’therefore the suspected a mat should b kept under observation If rabid the dog 
wilf develop cl c I e dence of the disease and die within 5 days If it is killed pre 
mMurely the characteristic hislol pc I changes in the brxin may not have de eloped 
•un cic ily to permit a diagnos s to be made When the animal d es the head and 
several inches of the eck should be removed and sent t the nearest bborat ry The 
head may be packed in ice r the brain can be xem ed seclio ed and pbetd in equal 
pa ts of glycerin and water (btenlue the diluted glycerin by boiUng and allow to 
eol) This will preset e the Mrusf r months The diagnos s is made by the demon 
strati nofthei cl on (Negr) b<di sin thecytoplasmof the cells in the brain These 
ere ^ctically co stantly pr sent and are characten uc ol rabies 

Arf » Wiej were first described by Negrt 10 1903 They are round or e al 
oodles from i to *01* m diameter which an present within the cytoplasm et the cerebral 
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cells They may be found anywhere in the twain but are most numerous in the foUoning 
areas m order (i) cornu Ammonia (hippocampus major) (j) region of fissure of 
Rolando (in the dog crucial sulcus) or (3) cerebellum In street rabies large forms 
Ifojn 18 fo aju may be found irhereas to the nerve tissues of animals inocufaled aiti 
fixed virusonlyminuteforms ogrtorless may bedetected These bodies have been 
found four to seven days before the onset of symptoms < 

The Negri bodies may be demonstrated by staining smears of the grey matter of the 
brain bj some Romanow sly method preferably b> the Giemsa stam The smears are 
made by mashing a thin sfjce of the outer grey mat ter rich in ganglion cells with 1 eoier 
^ glass against the slide Afterward the 




^ ^ cover glass is gently drawn along the thde 

9 \ Impression films may be used The smeiis 

f \ are then stained m the usual way 

/ L ^ \ The following method of staining isalso 

/'' * • *' \ good The smear IS fixed in methyl alcohol 

/ \ for a or 3 minutes washed with water and 

I I covered withastam made by addingydrops 

I I saiuralfd alcohoJie seJution of basic 

\ * y| fuchsm to 10 cc of distilled water and then 

I / I 1 / adding a cc of bblUer t methylene blue 

\ The stain on the slide IS steamed 

\ ^ ^ ~- / gently washed with water and dried 

***5 ^ Since the relation of the bodies to the 

1 nerve cells is mere or less disturbed in 

1/ making smears examination of stained 

— ^ a sections la preferable fit a bit of brain 

FiC 3P5 — Two nem eelU of h ppo- tissue for $ to 7 hours in Zenker's fluid wash 

campus maior <tmear preparacionf and dehj^rate m graded ilcohofr and 

showing >rgri fcodier A \<triM t chloroform as usual embed in parafBfl and 

B inner bodes with i the Ac* . boJ r cot sections These may be stained with 

(After Rei hel Amencaa Vetenna > Ciemus Slain The Negn bodies art 
** ' brought out as lilac red bodies m the blue 

cytoplasm of the nerve cefts It is necessary to dilferentiate in gjte alcohol 

Mann s stain may be used for smears or sections After fixation m metbyl alcohol 
tie slides are immersed >n the stain for s ounutea and washed m distilled water After 
passing through graded alcohols including two changes of absolute alcohol they *re 
cleared in xylol Better definition can be obtained by staining for from 12 to 24 hours 
and differentiating with alkaline alcohol (absolute alcohol 30 cc sodium hydroxide 
1% wi absolute alcohol S cc) After 5 minutes wash m absolute alcohol and then 111 
hater 1 hich may be shghtly sadiBed wilb acetic acjd Dehydrate and clear in xyio‘ 
The stain is prepared as follows Methylene blue (Gruebler 00) aqueous solution 
35 cc eosin (Gruebler BA) 1^3500 dutilled water 100 Cc 

By the Lenta method the 3>i sections after removal of the paraffin are flooded with 
absolute alcohol They are then stained with a o $% solution of eosin m 60% alcohol 
for one minute Bash in water and staia for one minute in Ldfflers methylene blue 
W ash them again m water Apply Lugo! s solution to the section for one minute and 
then differentiate aUernjtely rn tnethyf alcoh^ and water until the sttlioo » pi"* 
After washing in water stain again with LSffiers methylene blue for one half mioufe 
then wash in water and dry carefully with filter paper Now differentiate la alkalm* 
al ohol (t drop of 3 5*" iolutioa NaOW in 30 cc absolute alcohol) until the section is 
pink then quickly differeotiatemacjdaJcobol(idrop 50^ acetic acid in 30 cc absolute 
alcohol) until a slight blue outline to the ganglion cells is obtained Treat ispvdly«‘tn 
absolute alcohol and xylol and mount in balsam The Negri bodes show as light 
carmine pmk bodies on the light blue ground of the gang! on cells This method cao 
be used for brain smears al o 

In addition to examining for the Negn bodies one may inoculate a rabbit or guinea 
pig labduis'ly witha salt solution emulsion of the brain If the virus of rabies is present 
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tht inocul ltd »nimal will dtvtlop symptom* wilhm 3 weeks and Negn b dies fan be 
demonstrated This procedure ch cks the (ncr»c<p cal diagnosis ai d may replace 
It when decomposition prevents the dem nstwton of Negn bodies Contaminating 
organisms may be killed by the glytenn so that inoculations are possible When from 

advanced putrefaction or other causes the Negn bod es cannot be found the changes 
in the Gassenan ganglia may give a d agnosis lo typical lesions the ganglion cells ate 
m re or less completely destroyed and replaced by cell of other types 

Local TnatmtMt —Thorough rautenzatiofl of the dog bite wound with pure « l'‘< 
aciJ (no other cautery IS effic enl) as soon as possible after the b te isimferative even 
when the Pasteur treatment can be given later Immunization should be started 
immediately after the bite has occurred 

f asliur rrrat ewl — By subdural inuctilition ( eabb I in senes the virulence of the 
virus for rabbits is finally so increased that the rabbits die in sis days It s imposs ble 
to increase further the virulence oi the virus w hich is then termed fiaed \ itus The 
pathogenic power of this situs tor other animals is also changed so that it is not apt to 
ca se tab es if injected subcutaneously 

To attenuate this virus the spinal cord of tbe rabb t is removed and dried over 
causticpotashat a temperature of ij C Thecordisdiiidedmto segments about i inch 
■ length Drying lor about 15 days seems enciteljr to destroy tbe virus To prepare 
tbe material fo p oph) lactic injections a small portion of tbe cord i* emulsified with 
normal salt solution By tbe usual American nietbod the first subcutaneous inject on 
IS of a cord which has b «n desiccated for 8 days Tbe treatment is given daily lor 
about so days The itnmun ty is auist and the imtouMzioj agetii \s a vaeciti* 
The activity ol the virus can be preset ed fo about a month by glycerin and cold 
storage 

Other methods of tre-itment ate 

! rkrilcrrij ifdfieif — In tbistbeb am andc tdarefte en by means of CO snow 
ground up and d <d over 11 SOi for about two days Tbe irulence of the icus u 
reduced one half Tbe vi us if key t at 0 C retains th» same potency for at least 
tig months 

s TkeC mmieg J/elAed — In thi th brain is emulsified in saline and dialyzed with 
lotnaldebyde solut on The virus is so attenuated that mtractamil inoculation dees 
not produce rabies 

3 TkellStyti We/Aed- Tbe fresh vinile tcordisinjected but sod luted nstrength 
that It acts as an attenu ted virus 

4 Phe oh d ifriAod - Fe mi and more recently bemple ha e used virus wrhich 
h s been inactivated by the appl ation of strong ( / r phenol Before injecting 
tbecarbol zed emulsion is d luted to pres rvative strength (os”) This method is now 

sede tensively for man and for proplyUetic mmunization fd gs 

Ant aiiet rum has been p epaied by iniecUngshetp with emul 10ns of rabbit s cord 
and brain at first ntr venously then subcutaneously Th s run contains viru 
eutralizing antibodies but is v^uel ss for treatment 

Rheumatic Fever and Scarlet Fever — From a study of the statistical 
reports and from the writings of various authorities there would seem to 
be two cosmopolitan diseases which are of extreme rarity in natives in 
the tropics rheumatic fev er and scarlet fever It is true that in the Gold 
Coast report for igxi there were noted 614 cases of rheumatic fever with 
one death There does not however appear to have been anv striking 
increase in admissions for valvular disease of the heart as would naturally 
be cjcpected In Calcutta in 1911 there were 74 deaths from rheumatic 
fever 

While acute articular rheumatism rs so •Hvdety di tiibuted in many 
parts of the world it occurs very infrequently among the natives that 
reside in hot dry climates Rheumatic valvular disease of the heart is 
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cells They may be founcj anj^v herein the brain but are most numerous in the following 
areas in ortier (i) comu Ammonis (hippocampus major) (i) region of fissure of 
Kolando (m the dog crucial suicns) or (j) cerebeJIum In street rabies large forms 
from 18 to S3u may be found whereas in the nerve tissues of animals inoculated with 
fiTed virus only minute forms ogfiorlesa ma> be detected These bodies hive been 
found four to seven daj-s before the onset of symptoms » 

The Negri bodies may he demonstrated by staining smears of the grey matter of the 
brain by some KomanousLy method preferably by the Ciemsa stain The sraean are 
made by mashing a thin sljce of the outer grey matter nchin ganglion cells with a cover 

© glass against the slide Afternard the 
cover glass is gently drawn along the slide 
Impression films may be used The smears 
are then stained in the usual nay 

The following method of staining is also 
good The smear IS fiaed in methyl alcohol 
for t or 3 minutes washed v ith uater and 
covered nitb a slam made by adding j drops 
of saturated alcoholic solution of basic 
fuchsin to le cc of distilled \ ater and then 
adding a cc of Lofilers methylene blue 
solution The stain on the slide is steamed 
gently washed with water and dried 
Since the relation of the bodies ta the 
nerve cells is mere or less disturbed in 
making smears examination of stained 
sections is preferable Fix a bit of brain 
Pic 3?5 —Two nerve cells of h ppo. tissue for g to 7 hours inZenker sfiuid wash 
campus major (smear preparation) and dehydrate in graded alcohols and 
ahowing Aegri bcJtet t Aegrr boJi s chloroform as usual embed in paraffin and 

8 inner bodies within the Aeg $ Mi t sections These may be stained with 

Am.ra.n , OiOTajmm Th. \fsn bodio ■« 

* ^ brought out as Lias red bodies in the blue 

cytoplasm of the nerve cells It ts necessary to differentiate in 95^$ alcohol 

Mann s stain may be used for smears or sections After fixation in methyl akoho! 
the slides are immersed in the stain for 5 minutes and washed in distilled water After 
passing through graded alcohols including two changes of absolute alcohol they are 
cleared in xylol Setter definition can be obtained by staining for from 12 to as hours 
and differentiating with alkaline alcohol (absolute alcohol 30 cc sodium hydroxide 
1*^ in absolute alcohol 5 cc ) /Xfter S minutes wash in absolute alcohol and then in 
water which may be sUghtly acidified with acetic acid Dehydrate and clear in xylol 
The stain is prepared as follows Methylene blue (Gruebler 00) 1^ aqueous solution 
35 cc eosin (Oruebler BA) i% 3SCC distilled water 100 cc 

By the Lentz method the 3w sections after removal of the paraffin are flooded with 
absolute alcohol They are then stained with a o s*5 solution of eosin in 6o‘^o alcohol 
for one minute AVash in water and stam for one minute in Loffler s methylene blue 
U ash them again in w ater \pply Lugol s solution to the section for one minute and 
then differentiate alternately in methyl alcohol and water until the section is pink 
After washing m water stain again v ilb LolTers methylene blue for one half minute 
then « ash in water and dry carefully with filter paper Now differentiate in alkaline 
alcohol (i drop of a 5^ solution NaOH in so cc absolute alcohol) until the section is 
pink then quickly differeotiatemaodalcoholfi drop 5°^ acetic acid in 30 cc absolute 
alcohol) until a slight blue outline to the ganglion cells is obtained Treat rapidly with 
absolute alcohol and xylol and mount in bal am The Aegri bodies show as fight 
carmine pink bodies on the fight blue ground of tbc ganglion cell This method can 
be used for brain smears also 

In addition to examining for the Negn bodies one may inoculate a rabbit or guinea 
pig subdurally w ith a salt solution emulsion of the brain If the virus of rabies is present 
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lions as latent malaria sprue or d>senter> lo take on activity when the 
resistance is lowered and in the depre sed mental state and alimentary 
tract deranRcment of the sea sick individual such effect ma\ be profound 
We have all noted the frequency of the vomiting of ascands dunng a 
storm showing most dramatically the upset of the alimentary tract 
Apam we rarely take sea sickness serioudy so that a patient who combines 
some serious illness as pernicious malaria with his sea sickness is not apt 
to receive proper treatment during the period of the tough weather 
Butler m an article on seasickness gives the following facts as to 
etiology Due to the observations by James that deaf mutes did not suffer 
from sea sickness and that of Kreidl in which bilateral section of the 8th 
nerve prevented the sea sickness syndrome and finally the profound 
studies of Barany and other dunngthelalcwar showed that the explana 
tion of sea sickness tested m disturbances of the movement of the endo 
lymph in the semicircular canals the innervating nerve (8th) having con 
nections m the medulla with the cortei cerebellum and anterior horn cells 
of the cord as well as with the jtd and 6ih nerve nuclei and with the 
nucleu of the vagus and cells of origin of the phrenic nerve- thus can be 
explained nystagmus and vomiting Faulty disturbances m the pressure 
of the endolvmph gues use to seasickness and when one has learned to 
compensate he acquires sea legs To avoid or lessen sea sickness one 
should endeav or to make himself as fit as possible before going to sea — the 
farewell banquet is often the predisposing cause It is well to eat sparingly 
and of simple foods for several days before embarking and piossibly to 
take some form of laxative pill Most of the proprietary remedies have 
cklorbutanol (chloretone) as a basis but it bke bromides or morphine 
only acts as a depressant— n has no effect on the flow of impul es resulting 
from vary mg pressures ttv the semtcitculat canals Dammett 5 method is 
supposed to be based on endocrine regulation but a feature of the treat 
ment is the administration of atropine a questionable treatment Fercy 
and Hayden (1918) have recommended brge doses of sodium nitrite (3 to 
S grains) every 3 hours until relief is expenenced The theory of this 
treatment is the depression of vestibular responses but it would seem that 
the lowering of the blood pre sure was the chief factor There are of 
course certain dangers m rapidly lowering blood pressure It is best to 
yield to the effects of sea sickness and to assume a recumbent position on 
the right side with the knees drawn up better in a chair on deck Some 
experience relief by taking deep breaths Chairs which yield to motion in 
two directions have been recommended 

Smallpox — This disease has justly been considered the greatest scourge 
of the natives of tropical countries It is re ponsible for much of the 
blindness noted in natives of sections where vaccination has not been 
employed 

In some of the countries of the Onent smallpox killed more people than 
cholera plague and dysentery together Many reports have hown that 
as many as 80 to 90% of a native population may be attacked in an out 
break and of these ptacucally one ball died In such commumties the 
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also rare m these localities Manson Bahr (1940) says that there are 
some who state they ha\e never seen rheumatic fever or endocarditis ib 
a life long crperience in India Malaya South China, and Central Africa 
and JfacKinnon reports that chorea was never observed m East African 
children However, Chesterman, tn Central Africa has found it oaj 
occasionally occur Acute rheumatism is sometimes observed in Euro 
peans residing in tropical countries and in some localities ivjth normal 
frequency 

As regards scarlet fever, statistical reports from vanous parts of the 
tropical world fad to show cases In a report from Shanghai which can 
hardly be considered as a tropical city, it has been reported that this 
disease first made its appearance in tpoo since which time it has spread 
among the Chinese exhibiting at times marked virulence Again m 
Basutoland 67 cases were reported but as this colony is m the extreme 
south of Africa it could hardfy be called tropical 

DeLangen (1936) states scarlet fever does cot appear in the East ladies 
and that while it occurs in northern China and India it does not do so in 
the southern prov inces In South China ZoJler found that the Dick lest 
gave uniformly negative results Inindia the disease is rare and of mild 
type and especially attacks children Alegaw and Das Gupta reported 
that m India during 3 years scarlet fever was present in aia districts but 
these cases were nearly all m Europeans The few cases reported Iroia 
Central Africa have been among European residents On the other hand 
according to Botticher (*934) sporadic outbreaks have occurred both 
in South America and the Ue»t Indies 

The Dick Test —This test is used to determine susceptibility to scarlet 
fever and is carried out m the same manner as the Schick test for dipb 
theria Ov er 80% of adults give a negative reaction to the toxin and hav e 
therefore a natural antitoxin (and perhaps other antibodies) m the 
blood The test is usually positive during the early stages of scarlet fever 
and gradually' disappears daring convalescence 

A saline dilution of the standard toxin with a potency of one skui test dose m o i cc 
1* used This IS injected intradernulfy in the flexor surface of the forearm Pesitire 
reactions appear in from four to twelve hours and are read in twenty tour hours A* 
the height of the positive reaction there is a circumscribed area of redness and infiltra 
tion varying from one to three or four centimeters in diameter according to the suscepti 
bility of the individual \ reaction which has entirely faded in »4 hours is negative 
Pseudoreactions are rare and controls are not necessary 

TheSchuIt CharUan Rtochon — Antiscarlatinal serum or convalescent seruminjecteo 
intradermally in an erythematous area will cause a definite and permanent blanching 
of the surrounding scarlatinal rash within five or six hours This ph nomenon is doe 
to a local neufraliration of fie tonit It occurs only in the scarlet lever eiantbero and 
IS therefore a useful diagnostic test in doubtful cases 

Sea sickness — This cosmopolitan disease has a particular apphcalion 
for the European visiting the tropics for two reasons (r) It is apt to be the 
first illness encountered in making the voyage to the tropics (j) It may 
be a serious matter for the tropical resident returning home should he 
tivcountet a storm and be sea sick as there is a proneness for such cofidi 
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Ddangen (1936) lepoits lhal in fed© China the piclnic t>t htmipltgia 
mth symptoms originating from changes in the artPries of the brain and 
spinal cord may be due to syphilis nhich is true especially among the 
Chinese Williams (1938) m Uganda thought that syphihs was respon 
sible for 53 out of 94 cases of heart disease Aortic syphilis (aortic 
regurgitation) was present in 86 out of 894 post mortem examinations 
More precise information on the subject is desirable 

Soft chancre is common m many tropical seaports and shows itself 
m a rather virulent form In particular it is apt to be complicated b> 
suppurating buboes 

Gonorrhoea is widely spread in the tropics but the extent of its ptev a 
lence or the disability it causes iS unknown It is responsible for much 
ocular and arthritic infection and for much serious disease of female 
genitalia In Iropical gonorrhoea it would seem that involvement of the 
testicles IS more common than in temperate climates 

Tetanus — S Bayne Jones (1942) points out that as available statistics 
are lacomplete the incidence of tetanus is not know n m the United Slates 
In <939 for example according to United States Public Health Reports 
31 states reported 474 cases of tetanus apparently an occurrence of a 
small number among several millions of people It appears that this 
infection has been far more prevalent in tropical than m temperate 
climates It is particularly fatal in infants the infection occurring 
from errors m the dressing of the cord at the tune of childbirth 

Stitt has seen many cases of tetanus caused by the deep penetration 
of the barb like tail of the sting ray inflicted on persons \i ading in shallow 
waters of parts of the tropics where these Trygondtae arc found These 
lacerated wounds furnish ideal conditions for contamination with soil 
and the development of the tetanus bacillus In Central America it has 
been common after and flea wounds 

During the World War the incidence of tetanus among the British 
wounded was about 20 to 30 per 1000 before the routine administration 
of tetanus antitoxin when it dropped to 1 or 2 per rooo In the American 
wounded where the experience of the Dntisb and French was available 
the incidence was only o 16 per jooo Bayne Jones attributes this low 
incidence in our American expeditionary forces to prophylactically 
administered antitoxin and also probably to the fact that no large number 
of our soldiers fought over the chalky and manured fields of the Somme 
region in the soil of which the tetanus bacilUs is frequent 

Bacleri logical Examinalion of a II ound — Tetanus bacilli can rarely 
be demonstrated m films made directly from the wound Animal inocu 
lation la sometimes more dependable than cultural methods 

The «o nd should be cuictlcd and sowe ot the tissue f gtnenls insetted into a 
p cketinthesub utane us tissue ol tie thigh of a ga neap g Thetemai dermaybe 
I culated into glucose ag r stabs or diiectlronLofflersblood serum On this medium 
the growth f contami atmg organisms en ble* the tetanus bacilli to multiply aeto- 
b c lly In these cultures the development of a foul sour d r is suggestive Films 
from such cultures frequently si ow the drum st ck spores If these are fou d heat 
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disease is more one of >oung children, the adults possessing a certain degree 
of immunity from attacks m childhood during previous epidemics It has 
frequently been noted that the pati>e colored races do not seem to acquire 
as marked an immunity as is observed among the white races of temperate 
climates follow mg an attack of the disease Again it has been insisted that 
the immunity follow mg \ accination is not as marked as that obtaining in 
Furopean countries This point would seem not well founded because 
efficient and universal vaccination has apparently caused smallpot in the 
Philippines to be of no more importance than it is among any other well 
vaccinated people It is striking to note the great number of pitted faces 
among adult Filipmos whereas this condition is practically absent in the 
generation following the general vaccination introduced by the Amencans 
In tropical natives the most severe forms of smallpox are observed 
— confluent and haemorrhagic Opportunities for the spread of the 
disease are most fav orable m many parts of the tropical world by reason of 
intimate association religious festivals and pilgrimages Seep 1684 
Under the name alasirm or Kaffir milk pox a disease similar to a mild 
form of smallpox has been reported irom Africa and the West ladies 
Various points were raised to differentiate it from smallpox but m a 
recent epidemic in Jamaica and Haiti proof was adduced to demonstrate 
Its identity with smallpox In Haiti the epidemic was controlled by 
vaccination with smallpox vaccine and those individuals exposed to the 
infection but properly vaccinated, uniformly escaped Among the soldiers 
of the Marine Corps in Haiti there wereonU two cases and these occurred 
in men who gave no evidences of successful vaccination The virus u 
contained not only in the skm lesions but also m the nasal and buccal 
secretions and the disease is communicable before the eruption appe^ifs 
In spite of the mildness of alastnm U must be regarded as a form of small 
pox and patients isolated and vaccination of contacts and others in the 
community performed 

Syphilis and Other Venereal Diseases —Syphilis is rampant m 
many parts of the tropical world Jeanselme has noted that syphilis 
among tropical natives often starts with an extra genital lesion which 
tends to become phagedenic and that the secondaries are but slightly 
marked It is in the tertiary stage that the disease shows itself m its 
malignancy 

All tropical workers have noted the absence of tabetic and paretic 
manifestations m the native syphilitics Le Dantcc notes that he has not 
observed parasyphilis in any European who had contracted syphilis from 
a native woman and brings up the question of a difference m strains of 
syphibs 

The Amencan Nava! Surgeons at Guam and Samoa have been struck 
w ith the absence of primary lesions of syphilis among the nativ es of these 
islands and Butler has suggested that this t. due to an immunity received 
as result of contracting yaws in childhood There certainly are many 
reasons for considering syphilis and yaws as closely related and this has 
been considered m Chapter \I 
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DeLangen (1936) reports thitt in Indo China the picture of hemiplegia 
with sjmptoms onginating from chafes m the arteries of the brain and 
spinal cord may be due to syphilis which is true especially among the 
Chinese Williams (rgjSJ in Uganda thought that syphilis was respon 
siblc for 53 out o£ 94 cases of heart disease Aortic sj philis (aortic 
regurgitation) was present m 80 out of 894 post mortem examinations 
Afore precise information on the subject is desirable 

Soft chancre is common in many tropical seaports and shows itself 
in a rather virulent form In particular it is apt to be complicated by 
suppurating buboes 

Gonorrhoea IS widely spread m the tropics but the extent of its preva 
lence or the disability it causes is unknown It is responsible for much 
ocular and arthritic infection and for much serious disease of female 
gemtalia In trepieoi genonhota it would seem that invoUement o! the 
testicles IS more common than in lernperate climates 

Tetanus — S Bayne Jones (1943) points out that as available statistics 
are incomplete the incidence of tetanus 1$ not known in the Ignited States 
In 1039 lor example according to United States Public Health Reports 
31 states reported 474 cases of tetanus apparently an occurrence of a 
small number among several millions of people It appears that this 
infection has been far more prevalent in tropical than in temperate 
climates It is particularly fatal in infants the infection occurring 
from errors tn the dressing of the cord at the time of childbirth 

Stitt has seen many cases of tetanus caused by the deep penetration 
of the barb like tail of the sttog ray indicted on persons wading in shallow 
waters of parts of the tropics where these Try?'’'***'®* found These 
lacerated wounds furnish ideal conditions for contamination with oil 
and the development of the tetanus bacillus In Central America a has 
been common after sand flea wounds 

During the World War the inadence of tetanus among the British 
wounded was about 0 to 30 per looo before the routine administration 
of tetanus antitoxin when it dropped to i or 3 per 1000 In the American 
wounded where the experience of the Bntisfa and French was. available 
the incidence was only o r6 per 1000 Bayne Jones attributes this low 
incidence m our American eipeditionaty forces to prophylactically 
administered antitoxin and also probably to the fact that no hrge number 
of our soldiers fought over the chalky and manured helds of the Somme 
region m the soil of which the tetaous bacilhs is frequent 

Baclertohgicol Eramtnaluin oj a U ound — Tetanus bacilli can rarely 
be demonstrated in films made directly from the wound Animal inocu 
lation IS sometimes more dependable than cultural methods 

Tbs nouad should be curetted and some of tbe tissue fragnients inserted into a 
poeVet in Ibe subcutaneous I ssue rf the thigh ol a gu nea pig The remainder may be 
inoculated into glucose agar stabs or dir ctlywil^ffler a blood serum On Ibis medium 
the growth of contaminating organisms enables the tetanus baciUi I multiply aero 
bcally In these cultures the developme tolaloot sour odor is suggestive Films 
I om such cultures frequently show the druia-stick spores If these are found beat 
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filtrate together «ith anutetamc serum should be protectiie 

1,1, “"“loain IS produced by iniccting horses with increasing doses of 

tetanus losin at lirst aiding sufGuent antitoxin to neutrahre it A high degree of 
imrnunuy to the toxin is developed The method of standarduation estaHisbed by law 

intheU S isbasedontheworkofRosenaoandAndersoriatthfU S Ilvgiemc Labors 

ones The antitoxin unit is defined as to times the minimal amount of serum necessary 
to protect a 3SO gram guinea pig for 96 hours from too MX D of a standard toxin 
Standard antitoxin can he ohtained from the National Institute of Health by means ol 
which ot^rscan determine the strength of their own toxin and indirectly of their sntj 
toxin This unit nasreutivefy 10 times the potency of the unit of diphtheria antitoxin 


Aclm mmum^lton of human beings t\tth tetanus toxojd offers the 
possibility of reducing the incidence of tetanus among troops to a mini 
mum According to Dayne Jones the tetanus toToid at present being 
emplo>ed by the United States Navy and Army is capable alter sub« 
cutaneous injection of causing human beings to produce tetanus antitotia 
Within 10 to 21 days after the last of a series of a to j subcutaneous 
injections of toxoid mdividuaU have shonn from ©©5 to 2 5 American 
units of antitoxin per cc of serum The average value is considerably 
above the level of 0 1 to o 2 unit of antitoxin per c c of serum considered 
necessary for protection against a toxic infection A single subcutaneous 
injection of toxoid administered a month after the last previous injection 
has a remarkable ammnestic effect in its ability to recall or reactivate 
the immune response A third dose given 2 to 9 months after thesecond 
dose has produced as high as 12 5 American units of antitoxin per cc 
of serum This response has occurred within 4 to 5 days as has been 
demonstrated especially by Coules Marvell and Parish Confidence in 
this immunization procedure is so great that Circular Letters issued by the 
Surgeons General of the Army and Navy specify that prophylactic 
injections of tetanus antitoxin are to be given only to those who have not 
been vaccinated with toxoid 


Our Navy is using alum preapilated tetanus toxoid while the Army 
IS using plain liquid toxoid Allergic reactions may occur after the injec 
tion of each type Apparently less after alum precipitated toxoid than 
after liquid toxoid (Bayne Jones) The reactions which occur appear to 
be due to the hvperscnsitmty of certain individuals to proteins of the 
tetanus bacillus to components of some brands of peptone used for the 
culture medium or to both 

Circular Letter Number 162 Office of The Surgeon General ashing 
ton, D C November 0 1942 gives the following instructions for active 
immunization against tetanus with tetanus toxoid 
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a o/ The matenal ned u fluid er plain teUnaxtomd 

b Method 0/ Imrxu 1 at oh 

{1) Inihal Inonunx at on — Ttis consi (s of A senes of three subcutaneous injec 
tions of tetanus toxoid (plam) icc each admimstered with intervals of three 
to lour weeks between doses Thu initial immuoiaation produces an 
active immunity to tetanus Suhsequeot renforcement of this immunity 
u accompi shed by the adnumstntion of a stimulating or recall dose of 
toxoid The prophylactic use of tetanus antitoxin is therefore unnecessary 
after the completion of the in tial immunization senes Instead an emer 
gency stiinulaiiog dose of tetanus (oxoid should be administered as indicated 

(j) 5 i(&ie?Be>i/ Injtetto j rf Tttan j Tmoti — After the completion of the three 
injections included in the in tial immunuat on a single stimulating 
dose of I cc of tetanus toxoid wiH be s jected subcutaneously as follows 

(0) Under normal cond twins a stimulating dose will be admi iistered at 
the end of the first year only regardless of duration of service 

(1) A stimulating dose of tetanus toxoid { cc ) wdt be administered dunng 
the month prior t departure for a theatre of operations unless such 
departure is within the six months penod subsequent to the completion 
of the in tial senes of three injections or within the sis months penod 
subsequent to the administration of a stimulating dose 

(e) In add ton to the above initial and subsequent immusuat ens an emer 
gency stimuhiing dose will be administered to these indicated below 
as soon as pract cable after the njury (preferably within three days) 
Individuals who incur wounds or severe burns on the battle field 
; Patients undergoing secondary perations or man pulations of old 
wounds when deemed advis ble by the responsible medical ofSeer 
J Other who incur punctured or lacerated wounds se ere burns or 
other conditions which might be complicated by the introduction of 
Cl Manx into the tissues 

Vo/ Pas I e ImmuH tion eta nst Telonut by the Ute 0/ Tetanus inltlox n — 
Tetanus antitoxin will be used (or the Irealment of clinical tetanus and when indicated 
tor the prevention of tetanus in ind vid ab who have not pre lously been actively 
immumaed with tetanus toxovd The admmutnt on of tetanus antitoxin wiU be limited 
to tbe t flowing 

(i) To patients present ng evidence of chucal tetanus 

(a) To individuals who incur wounds or other conditions which necessitate pro 
tect on against tetanus but w bo have not pre lousIy completed the mil al immuniza 
tion with tetanus toxoid as directed in paragraph b above 

(3) To wounded indi iduals who may have been previously immunized but whose 
lec rds of mmunization are tost or not a ailaUe 

Indiv duals referred tom ( )and (3) above will be immuni ed passively with at least 
1500 units of tetanus antitoxin and at the same time will be immunized with tetanus 
toxoid as directed in paragraph b above 

Due consideration should Iways be given to the possibility of sensitivity reactions 
when injecting tetanus toxoid or tetanus ant tox n 

Cfmreaf In fully developed tetatras there is rigidity of neck and jaw 
muscles (trismus) and possibly involvement of facial muscles (nsus 
sardonicusj Convulsions are apt to follow auditory or tactile stimuli 
Cyanosis may result from spasm of the glottis There may be moderate 
lever and leucocytosis Symbiosis with other anaerobes or with various 
pyogenic organisms aids the development of tetanus bacilli and necrotic 
tissue IS also of importance for which reason debridement became a routine 
measure during the last IVorld War Symptoms may appear in about 
two weeks after infection shorter penods are more often attended by 
fatal results There is a chronic form of tetanus which may occur sev eral 
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months or longer after injur), or it may possibly follow late operatiouJ 
in the area involved The soluble tOTin elaborated m the infected wound 
may ascend by the avs c>lmder of the nerves Very ettensivc studies 
have been carried on with reference to the chemical nature of the tetanus 
totm (tetanospasmin) and how it is transported in the bod> and how it 
acts In the United States the) have been earned on especially by John 
J Abel Firor and their associates, Mueller, and by Baj ne Jones * These 
studies are too ettcnsive and loo diverse to be considered m this text 
book The reader is referred to the article by Bayne Jones (1942) in 
which the important progress made has been summarized He reports 
that the central problem in the chemotherapy of tetanus is the search 
for chemical antidotes to the poison itself or to the nerve stimulating 
substances released and attributed through its action 

Trealmenl — Rest in a darkened quiet room is indicated and it is 
essential that the patient be kept quiet and relaxed by the use of sedatne 
drugs to prevent exhaustion 

Technical Manual Guides to Therap) for hledical OflScers lAar 
Department Washington D C March 20 194 advises for treatmefll 

(0 At the appearance of the earliest signs of tetanus immediate therapy is indi 
cated all cases must be treated vigorously 

(2) The patient should t>e secluded if possible in a quiet darkened room 

(3) Spasms must be controlled by heavy doses or eiiber paraldehyde or chloral 
hydrate Patients with tetanus vary widely in tbtir lesponst to these drugs and each 
Case must be treated individual!} From ft to 40 cc of paraldehyde ran be givea by 
rectum and this dose can be repeated every 4 hours Chloral hydrate can be given in 
doses of from 1 to 3 grams either by mouth or rectum thi dose can be repeated every 
4 hours or more often if necessary to control spasms In severe cases 003 to 006 
gram to t gram) avertin per kilogram of body weight should be given by rectum 
With all these sedatives care roust be eserewed to avoid mathed respiratory depression 
This heavy sedation is continued during the course of the severe phase of tetanus W 
respirations cease it is imperative to use artifiaal respiration 

(4) The primary wound should be treated as follows the area around the injury is 
infiltrated with from S ooo to 10000 units of tetanus aotilosin due precautions being 
taken against serum sensitivity An hour later the wound is incised and lelt open 
foreign bodies must be removed and adequate debridement carried out when indicated 

(s) Tetanus antifojsm must be administered early and in adequate amounts li 
the patient is sensitive to serum desensituation should be earned out when feasible 
A synnge containing a 1 moo solution of epinephnne (adrenalin) should always 
be at hand The schedule of dosage for antitoxin is as follo'i s 60 000 units is giver 
intravenously and 40000 units intraspinally (in severe cases the intravenous dose 
IS repeated m 14 hours) on the second day and every day thereafter until oefini « 
improvement occurs approximately 5 000 units is given intravenously The mtta 
venous and intraspinal injections must be given tery slowly If anaphylactic symptoms 
develop during treatment immeduite withdrawal of the needle is imperative op*! 
quent doses (o 5 to i o cc ) of # i >ooo solution of epinephrine (adrenalin) should be 
given 

(6) Tracheotomy should be performed if laryng al spasm is causing suSocation 

(7) A liberal fluid diet (a 000 to 4 000 calories) should be given and the patient 
must be kept in fluid balance 

(8) Constant nursing care should be provided if possible 

•S Bayne Jones Tetanus Procttdtntt ej the of Medicsnt of Cktcaio 14 

No 3 April IS 1942 
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Serum trtalmeiu after symptoms ha\e dexeloped is far less efficacious 
than that of diphtheria largely because the tovin has already become 
fixed to the nerve tissues The nerve cells have a greater affinity for the 
txino than has the antitoxin and when once injured do cot recover as 
tad ely as other body cells The mortality of untreated cases developing, 
within to davs t> over So% Bayne Jones points out that serum therapy 
of tetanus is unsatisfactory at best Abel and Chalian showed that anti 
tetanic serum is powerless to mitigate or abolish existing and clearly 
cv ident sy mptoms of a descending tetanus in animals and in human being 
whose tissues had fixed one or more lethal doses of the toxin before the 
serum was used It is hence obvious that the discovery of a relatively 
speafic chemotherapy is urgently needed 

A few chemotherapeutic experiments hive been performed m which 
sulfanilamide and sulfapyridine have been applied locally in animals 
with the idea of destroying the infecting micro-organisms However 
Welch Slocum and H'^rwict * (1941) have found that sulfanilamide 
contaminated with tetanus spo^e^ and impbnted in guinea pigs will not 
protect these animals from the development of tetanus They hence 
emphasize that the sulfanilamide may act as a tissue debilitant in the 
presence of the tetanus bacillus and be conducive to the development of 
tetanus 

Trachoma — It is often stated that this serious and very chronic eye 
condition is widely prevalent in the tropics It is most frequent in Arabia 
and Palestine and in Egypt lull) 95 per cent of the name population is 
aSected (MactaUan) It is also endemic in Syria Persia Central Asia 
China and Japan It ha^ been prevalent in eastern Europe and espetially 
m Gallipoli Poland Lithuania Russia -ind in southern Italy The 
climate in a number of couotnes tn which it occurs is temperate In 
31 A It A 120 ib October a 1912 
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discussing with na\al ophthalmologists who have had extensue experience 
in the Philippines Haiti and other tropical regions Stitt was informed 
that the cases diagnosed b> man> general practitioners as trachoma ate 
really cases of folliculosis and that true trachoma is very rare in these 
countries — there is not the scamng so characteristic of trachoma ^ot 
only do flies and other insects lend to spread acute epidemic conjunctivitis 
but the abundance of irritating tropical pollens brings about other con 
jutictival inflammations as foibculosis 

The prevention of the entrance of trachoma b> immigrants into this 
country has been one of the serious problems of the immigration offices 
of the public health service 

The relation of trachoma to the Prowazek bodies and to the Koch 
Weeks bacillus is still under discussion and this is likewise true of the 
Gram negative bacillus reported b> Noguchi as the cause of trachoma 
It has even been suggested that trachoma mav be another example of a 
disease where food deficienc> furnishes a background if not a cause The 
reports regarding a rickettsial ongm are discussed in Chap \XV p 916 
Tuberculosis — The negro race seems to possess a greater susceptibiJ 
itv to tuberculosis than the white one a fact vv ell recognized m the United 
States, where the colored population suffers far more severely than their 
white neighbors The jelJow races also show marked susceptibility 
to the scourge and m the Philippines t >s easil} the greatest cause of death 
The mortalitj statistics of the Philippine Islands during le >ears com 
pared the relativ e importance of the two diseases tuberculosis and lepros> 
According to this report out of everj 1000 inhabitants 54 1 died in the 
course of the 10 >ears from tuberculosis while 0 z? died of leprosy 
DeLangen (1936) states that m Netherlands India m earlier years 
tuberculosis stood fourth m the list of causes of death following malaria 
cholera and typhoid fever After cholera was largely stamped out it rose 
to the third place and m the past year has displaced typhoid fever to the 
second place He believes that m the near future it will become the most 
important cause of death m the East Indies 

The rapidity of its spread and the malignancy of its course when it 
was first introduced in the Paafic Islands has been vividly described by 
Robert Louis Stevenson m the Marquesan Islands Its disastrous spread 
also occurred elsewhere in these islands notably in Samoa and Tonga 
Today it is regarded as the chief cause of death not only m the Philip- 
pines but in Jamaica and m Africa on the Gold Coast the Congo ind in 
Tanganyika ScoU has shown that there has been an enormous increase 
in its prevalence during the last 10 years and in some cases as in Nigeria 
and British Guiana it has increased 5 and 6 times what it was previously 
In tropical regions the natives of the sea lev el regions suffer more than 
those of the mountain plateaus and where the huimdity is high rather 
than in and sections Thus tuberculosis is very rare or almost unknown 
in the dry desert like regions of upper Egypt and the Sahara desert 
The disease gains headway in the tropics in the rainy season and diminishes 
m prevalence during the dry season One factor m the great spread of the 
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di ease is the intimate contact of natnes living together m a small room 

It IS generally recognized that susceptibility is greater in childhood 
and that infection by way of the alimentary tract is common in children 
When one notes the habit of expectorating anywhere and everywhere 
on the part of people untrained m hygienic rules it is easy to recognize 
the opportunity babies and young children have of ingesting tuberculous 
matenal taken up on then hands white they are crawling about 

During the war there was a great deal of tuberculosis among the 
native African troops serving in France and a studv of the disease in 
these men has furnished us information as to the existence of two clinical 
types among them In the soldiers from Morocco and Algiers the type 
observed was similar to that occurring in Europeans and this was 
explained on the basis of the opportunity that had been given the people 
of the areas ftom which the troops came to acquire tuberculosis from 
contact with white colonists and dunng a period of many years to have 
acquired a certain degree of resistance to the invasion of tlie tubercle 
bacillus 

In connection with the Senegalese troops and some others coming 
from sections of Africa where tuberculosis was rare or nonexistent another 
type was observed which corresponded with the tuberculosis one often sees 
m a young child or a guinei pig In these cases the disease was believed 
to start with enlargement of the glands at the roots of the lungs This 
view of course w ould require examination by an \ ray plate for confirrna 
tion but it was found that the enlargement of the supraclavicular glands 
at a point near the insertion of the sternocleidom istoid w as one of the best 
early signs The glandular stage lasted about live to ten weeks during 
which time the general health did not seem to be materially impaired 
Following this stage and lasting only about two week or up to two months 
a stage of generalized tuberculosis set in with fever emaciation caseous 
pneumonia or maniftstalions of miliary tuberculosia There was no 
tendency to fibrosis or cure of the process death almost invariably occur 
ring Borrel who studied the disease in these natives states that if put 
at rest and placed on a g’merous diet while the case is in the glandular 
stage one half of them may recover It was noted that sputum exami 
nations of these cases were almost invaciabty negative 

Opie (1941) and his associates have cam^ out most important studies 
on the spread of tuberculosis in net,ro families of Jamaica W I They 
found that tuberculosis m the negro race of Jamaica pursues a fnucb 
more rapid course than that in white people of European extraction and 
is readily transferred from a person with the disease to other members 
of the household adults as well as children so that many of them may die 
of tuberculosis w iihin 3 > ears after u has been introduced into the famiK 
Of those who suffer ftom pulmonary tuberculosis m Jamaica almost all 
disseminate tubercle bacilli the proportion of those who have tubercle 
bacilli m the sputum being much greater than that of white persons 
of the United States (Fhibdelphia) and greater thin that of American 
negroes 
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Factors that promote the spread of the disease in Jamaica are the large 
number of tubercle bacilli in the sputum of those who suffer with rapidly 
progressive ulcerating lesions, uncleanly habits unhygienic housing con 
ditions and lack of facilities for segregation of those who suffer with the 
disease 

In negro adults of Jamaica inlUtrating pulmonary lesions of the child 
hood or first infection type are found more frequently than in Amencan 
negroes and much more frequently than in white adults (Studies on 
Tuberculosis the Johns Hopkins Press Balt 194X ) 

Typhoid Fever— Wlien reliance for diagnosis rested almost solely 
on clinical manifestations it was held that typhoid fever was rare or 
unknown in the tropics 

Since the advent of laboratory methods of diagnosis it has become 
known that tyTihoid and the paratyphoid fevers arc quite common 
The paratyphoid infections are more common in the tropics than in the 
temperate regions The fever course and clinical picture of typhoid 
m the tropics ate sometimes distinctly atypical It was formerly common 
to Consider cases of typhoid as malaria and in the southern states of 
the United States it was a common thing to diagnose typho malans! 
fever Of course, latent malaria is apt to flare up in a person sick with 
typhoid but the idea that there was a symptom complex partaking of 
the characteristics of typhoid fever and malaria i> now grouped with 
historical data 

It IS a remarkable fact that in many of the cities of the Orient condi 
tions favoring infection w ith typhoid fever, such as neglect of the most ele 
mentary measures of disposal of faeces and lack of safeguarding of water 
supplies CTist and yet the natives seem to have an immunity to organisms 
causing alimentary tract diseases It may be that such immunity is 
acquired by attacks of the disease m childhood Certainly, Europeans 
in such communities have no protection unless sometimes it is acquired by 
vaccination It should be remembered that protection from vaccination 
against the entenc group of bacteria can not be relied on for longer than a 
period of two years It would seem that typhoid fever in tropical coun 
tries IS sometimes more senous than m temperate climates— thus the death 
rate in India has been about twice as great 

In the absence of laboratory tests the chief reliance in the chnicsl 
diagnosis of typhoid should rest in the rather gradual onset of a continued 
fever, with a rather apathetic toxaemia Of course atypical cases inav 
have a fairly abrupt onset An important point in the diagnosis 1$ the 
rather slow pulse rate lor the temperature elevation 

}fams’s Atroftne Test — Manson Bahr (rp4o) regards the Marns 
atropine test as of great value in the diagnosis of the enteric group of fevers 
In this test one gives a hypodermic injection of gram of atropine 
sulphate Should the case be typhoid or paratyphoid the pulse rate is 
practically unmSuenced during the period from 2^ to 50 minules after 
the injection Should there be any nsc at all it is said to be less than 
14 beats per minute In other infections or in normal individuals the 
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pulse rate drops at first hut alter lo or 15 imnuies rises to exceed the pulse 
rate before injection bj at least 15 beats per minute or 30 or 4® beats 
during the period of 25 to 50 minutes foUou ing the injection The writer 
has no experience m the use of this test in diagno is It is not clear that 
It could depend upon any specific phenomena Stitt and Clough (193®) 
give the following procedures for laboraiorj diagnosis 

Libor^tory Dtag ojh Blood Cultore — Dur n* Vc fi il tteek of the disease 
tjfphoid bacilli can be isolated fiom the blood to about 907 of the cases positive 
tultates aie obtained in fioiti to 6 ** m the second and th«d wttVs and altet 
that tim the percentage f Us liuther the o ganisra should be identified culturaUy 
andby agiJuunaiion ailh typhoid paratyphoid A and paratyphoid B antisera Occa 
sionally a strain is not aggtut nable wb<o first isolated but becomes so after a 
few subcultures 

Stool ctLTVaES are occa lonally positive early to the disease but after the first 
a eet the typhoid bacillus may be is laled in n osl of the cases The material is streahe 1 
over Endo I isfflutb sulphite or Teague or brdjiant green plates t\ hen it is practicable 
to pass a duodenal lube the tyihoii baaHu* ca be isolated more readily by making 

cultures from the b le 0 the same nay Identification by (crologieal as well as cultural 
methods is neeestaiy 

Urint cvlTlses a e positive in about 5% of the cas s after the second week 
The urme should be centiilug d and the sediment cultured or broth Qaslis heavily 
inoculated Plates of special medu should be used unless the urine is obta ned with 
aseptic pr cautions 

Ko patient should be released from 1 lation until cullur s from the urine and faeces 
alter catharsis and preferably Iron the bile also ate negative These m thoAs are 
also used to detect earners 

II tdal rerl— ^fte the s««o d r third nceL the Widal lest is the chief diagnosli 
a d Tbs should be tepeaced at intervals n order 10 dele t any m rCiise in the tiler 
of the agglutin ns Cultures of kn «■> agglutin bibty must be used In making th 
macroscopic tests it is customary Cor the sake of safety to use a su pension which has 
been kill d by the addit on of o v f fotmabn Such a susj ensi n nta ns the it 
atitig n only but for lin cal purposes t will usually suffc Occasionally however 
only the 0 agglutinin develops n the body and the \\ dal vill not be pos live unless a 
living culture or an alcoholized emubion is used Sin typhoid and the paratyphoid 
feveia may he indislmguishabu cUo tally it is n cessaty to t at the aggluutiation of 
thesest ns Iso with the scrum «o nef oup aggl tin lion of these organisms is very 
common in typhoid m the higher concenl ati ns of the serum but it is less marked 
than that with the typhoid baoilus and is unusual in d lut n of over 1-40 

In individuals who have Uot received typhoid vaccine agglutination with a '50 
dilution of serum justines a strong su p cion of typhoid fever which is conf med if the 
liter rises as the d sease progresses Agglutination m a dil lion of 1- 00 or more is 
practically diagnostic of active lypl id infection Carriers may slow some slight 
agglut nati n but there i no tmpoitant change in the titer of the serum on successive 
examinations 

If however the ind vidual hasprevio sly rece ved typhoid vacci e diffcu lies anse 
in the interpretation of a p vti e agghitinati n test Xtilhinafew days after vaccina 
t on the serum i ill usu Uy show a high tit r f specific ag lutinms This is foUo ed 
by a fall in titer at first rap d and 1 ter very gradual so that over a short period the 
liter IS practically uncha ged 11 s ch an individual dev lops typhoid fe er the titer 
of the serum will incr ase as the d sease p og esses Ths hone er may occur also ici 
inf ctionsotherthanthetyphodfevcrs asfot nsunce in infect ns due lo the pyogenic 
Cocci or other bacteria -the so caDed anniiKSUc reaction One ca only conclude 
lhacthetevilvsof tbeVi dal eaction Dvaccnattdind idaaWmust be interpreted w Ih 
the greatest cauti n e en when the tier is hi hand rises with the progress t the d s 
e se The reaction a of no value { r U e detect] a of camera 
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I'topk^lMhe \ aecinaJien value <if prophyjactjc vscctnslton is ongmlty 

introduced by \\nght has been amply ilemonstrated The vaccine is preparedm the 
usual wav and killed by heating to S3 C 

For many jears most o( the typhoid vaccine used in this country and in Englaad 
was made liom a single cuUare Kanlings isolated by Mnght in 1900 GnnneU 
(19^2) has found that some cultures of this strjun have become dissociated partiaUv o: 
comfletely and have lost their virulence for mice \3ccines from these cultures did 
not protect mice irom infection «|lh recently isolated smooth strains as well si did 
vaccines made from a smooth strain although vaccination suCh the Pawtings strain still 
produced somatic and flagellar agglutinins Ife concluded therefore that virulent 
smooth strains should be substituted for (be Fawhngs strain f r the production of 
vaccine and that the demonstration of its ability to produce It and O agglunmns is 
not an adequate measure of its immuninng power 

This question has been investigated by Colonel Siler and his associates of t*'t Arcy 
Medical Corps in an attempt to increase (he protective properties of the typhoid vaccine 
usedmtheil S \rmy In their eipenments seven strains were tested thrreofhi^li 
virulence and four of low virulence in cross immunity test* mice vaccinated uuh 
virulent organisms were protected to a much higher degree than those rcteivmg vaccines 
of low virulence Of the virulent strains tested one (No 58) isolated from a ehfomc 
carrierof many years duration was (he most effective and this 11 now used in the prepr 
ration of the new vaccine This isa smooth varunt with high virulence and immuBirinf 
power as tested by the production of active lotmuiuty in mice ard protective power fof 
mice of the serum of vaccinated individuafs 

The employment of agglutination liter as a measure of immunity is unsatisfacWf}’ 
because (here is not a close parallebsm between then. There is • marked difference m 
liter in different individuals after vaccination and in a given individual after reaching 
a peak in about y* days the sggfutinin titer falls rapidly Immunity mav enst in the 
a^ence of agglutinins 

The more satisfactory mouse protection lest was therefore used It was fouoa 
(hat with typhoid bacilli of low virulence such large doses bad to be used to iiU the 
controls that the treated mice were overwhelmed with foreign protein before resisisnw 
and immaniCy could he brought into pfay ff a virulent cafture was used andtf »e 
bacilli were suspended in 6^0 mucin and injected intrapentoneally the Af I, D rsngea 
from in to 1000 organisms for the speiial strain of mice used instead of too 000000 
to I 000 ©00 000 if suspended sn Kmgers solution In testing the protective power 
of the serum before vaceination a standard dose ol culture of 10000 living virulent 
organism was injected If all the mice succumbed nithia 72 hours it was assumed toil 
the man was not immune to typhoid fever , 

Two mithods of preparing vaccine vvete used vn one the vaccne was heat killeo 
and preserved with o 25C’ tncrcsol in the other formalmued (0 r*') Ao distinct 
difference in the immunumg power of these vaccines was demonstrated ^ acanes were 
prepared by hoth methods from a culture of low virulence (the Rawlings intermediate 
strain which has been used in the Army for years) and from a highly virulent strain 
No 58) , 

The subjects who had not had typhoid fever and had not been vaccinated previ 
ously were divided into four groups Each received three subcutaneous injections of 
one of these vaccines The first dose was 500000000 and the two subsequent doses 
r 000 000 000 each A statistical study of the results obtained showed a loateria'iy 
higher degree of protective power for wite when human immune erum loUowing 
vaccination with wuUnt orgamsn s was used than with organisms of / w virulence 
Formerly a triple vaccine was used in the Army made up of soooooeoo typhm 
bacilli 250 000 000 paratyphoid A baaOiand 250000 000 paratyphoid B bacilU in i cc 
of vaccioe The vaccine now m use emUtes only typhoid baciHi, 1 aoooooooo per 
I cc The first dose is o 5 ce the second and thi^ s cc each The vaccine is inocu 


lated subcutaneously at intervals of one weet 

From 1917 to 1914 triple vaccine was used in the Navy 
showed that paratyphoid infectious othei than cases of 


Good statistical e idence 
food poisoning were raJ* 
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among naval personnel before paratyplioid vacane was used With the vaccine con 
taming £ typhasa alone a larger amount of tpphoid antigen can be used without undue 
rishof severe reactions withpresumabljr greater protection against typhoid fever which 
1$ the infection against which protection is pnndpally tequ red 

The U S Navy personnel receive two courses of three inoculations at intervals of 
7 to 10 days four years apart of a varcinccontaimng approximately one billion typhoid 
baccillipercc The hrst dose is o s cc the second an 1 th rd cc each 

There may be a slight rise in temperature (rarely above loi F ) with headache and 
malaise in about half of those inoculated 

Aggluti insappea m the hlood within a few days By the end of a month titers of 
1-640 or i-!2!to are frequently reached The immunity produc d is bel eved to last 
lor from 1 to ^ vears and th re is some cvilencc that it may last much longer 

Neither vaccines nor therapeutic sera b ve proved to be of ary value in the treat 
ment of Cypbo d fever ThestudiesofMagrassi (1940) on an alleged typhoid ultravirus 
are not conclusive 

The Paratyphoid Feien — Fhe paratyphoids would seem to be more 
prevalent tn proportion to typhoid id the tropics than in temperate 
climates thus in India of i886 British soldiers convalescent from enteric 
fevers 791 were diagnosed as typhoid 633 as paratyphoid A 136 as 
paratyphoid B and 3J6 as entenc cases of uncertain etiology Para 
typhoid B caves seem mote frec^uent m temperate climates than pata 
typhoid A ones as noted during the war in France Cruickshank and 
Lafrenais m a study of carriers among the 18S6 cases noted above 
observed that 49 became carriers and of these 34 were from paratyphoid 
A eases 9 from typhoid convalescents and 6 from paratyphoid B con 
valescents Of 13 chronic carriers (tho e carriers escreting organisms 
after a period of six months) 8 were carriers of paraty phoid A 4 of typhoid 
and 1 of paratyphoid D This evidence would indicate that paratyphoid 
A once introduced might spread more widely than the other enteric 
affections 

Clinically paratyphoid A cases often resemble typhoid ones rather 
closely although as a rule less severe in course With paratyphoid B the 
course is less severe than with the other entcnc organisms but it often 
shows an abrupt onset and is frequently similar to that m ca es of meat 
pioisoning This orgamsm and the Gartner bacillus are common excitants 
of (so-called) ptomaine poisoning In paratyphoid B cases there is 
sometimes a tendency for the orgamsm to localize in the pelvis of the 
kidney or elsewhere and it may cause a bconcho-pneumonia 

A critical study by Miller bnngs out the following points During the 
war paratyphoid A cases would be at one time more common and at 
another time paratyphoid B ones The paratyphoid organisms may give 
rise to as serious mamfestations as typhoid which was particularlv true 
of typhoid in the inoculated \s a result of the paratyphoid bicilh having 
a greater tendency to generalize there is less of the localization in the 
lymphatic tissues of the intestine than with tvphoid As a result many 
types of paratyphoid are noted Among typhoid types the general mam 
festations preatly re emble tvphoid but haemorrhage and perforation are 
much less frequent Thedvren/eneUfemay madditionbeas ociatedwuh 
general symptoms The nephrUic type has been rather frequently noted 
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thismaj beofthenatureofnephntisorpjelitis ThcrcisaIsoafAj»mij/ii 
t\^e and an u/ one and in ihis latter type there maj be respirator) 

gastrointestinal or nervous symptoms Miller noted that the infectmty 
of paratyphoid was very great 

Colon Infections — Such infections seem to be rare in temperate cliinates 
other than as localised conditions especially of the urinary bladder 
Cholecystitis is not infrequently due to a colon bacillus infection In 
the tropics however especially following bacillary dysentery we may 
have a generalized infection which may result m a fatal septicaemia 
In such cases abscess formation in the tidneys is usually found Cases 
diagnosed as mild typhoid fever have as a result of blood cultures been 
found occasionally to be due to a colon bactenaeniia 

In temperate climates as well as in the tropics pyelitis is often due to 
a colon infection and probably so% of eases of appendicitis are caused 
by the colon bacillus alone although it is extremely frequent in associalion 
with streptococci or staphylococci 

Alcahgines Fecalis (.Bacillus Fecalts Alkaligtnes) Infechons — Cases 
similar to typhoid fever have been reported to be due to infection with this 
member of the ty^ihoid colon group of organisms It :s a not uncommon 
inhabitant of the intestinal tract and does not appear usually to have 
any pathogenic action However it has been isolated from the blood 
of a few cases which resembled typhoid and has agglutinated (r-jo) 
with the sera of such cases, which did not show agglutination for typhoid 
It has also been under suspicion as the cause of some cases of diarrhoea 

of'^hildren Shearman Hearsl and others noted the isolation of 5 /«ehJ 

atkalt^ines from the blood in suspected typhoid cases The patients 
showed a sudden onset with slight chill severe headache nausea and 
occasionally vomiting with achmg of the limbs The fever would last 
2 to 5 days ranging from loi* to 102 F with often a second pyTCXial 
period 

Varicella — 'This disease is of common occurrence in the tropics and 
does not seem to give rise to greater mortality than it docs in temperate 
climates In the Philippines Stitt was struck by the resemblance it 
bears to cases of v’arioJoid inasmuch as there w'as hetiuently noted as 
many lesions on the face as on the body In fact he felt sure that the 
pustular lesions of the face of such cases were those of smallpox, until 
he later noted typical varicella lesions on the body 

Vincent's Angina — Ubile not rare in temperate climates various 
affections of the oral mucous membrane due to the fusiform bacillus m 
symbiosis with spirochactes arc fairly common in the tropics The best 
known condition is one in which the tonsils show somewhat the appear 
ance of a follicular tonsillitis but ulceration is more common and severe 
however, with less evidence of toxaemia 

The temperature in a case of pure Vincent s angina rarely exceeds 
loi'T but if there is a mixed infection with other pyogenic organisms 
the temperature and other signs of a severe infection may be more marked 
There is usually more or less swelling of tnbutary glands Associated 
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With the angina or alone there may be a gingivitis m which the spongy 
gumi more or less resemble those of scurvy or of pyorrhoea alveolans 
In fact spirochaetes have been considered as factors in the deielopment 
of pyorrhoea aheolaris In the tropics there have been many reports 
of organisms of the type of those described by Vincent occurring in a 
form of skin ulceration or in affections of the mucous mernbranes in 
addition to the oral ones more particularly the pudendal mucous mem 
branes During the \\ orld War many soldiers were attacked with trench 
mouth or Vincent s infection 

rhe infections arc readily and easily diagnosed by a film stained 
with any simple anihne dye Care roust be taken not to accept such a 
finding as the sole cause as an underlying diphtheria syphiUs or other 
dyscrasia may be more important 

Wtr Wounds-— In « study of (he aerobic bacUnal flora of «ai iiouDds Lanrcnce 
found that more than 8oe’ of the discharges from such nounds shoned streptococci 
which e pecially flourished in d«p pockets si»pb>Jococci repl cing them m shallow 
* unds Gram negative bacilli wer present in 9$*’ of smears Of thes E c h w s 
present in jo*^ of cases The coiobioationof aerobesasd anaerobes la a wound makes 
cond lions more favorable for the anaerobes Wounds contaminated with fusiform 
bactUi do badly 

The pus from wounds infected with anaerobes ■ usually very foul The most 
important anaerobe m tbe d scha ge from gas gangrene wounds s Cl vekk 

The anaerob c spore beanng bacilb which occurred ith great frequency in wounds 
during the World Wat re comm n inhabtant of tbe intesi sal iracis of nas and 
other animals and hence are frequently present in fertilised soils Tbe spores of most 
of these anaerobes develop in the iDtesiiiie fid may remain viable for >ean in the soil 
C Itures from tbe clothing of the men m tbe trenches almost al vayi showed anaerobic 
organisms especially the Welch bacillus and frequently tetanus bacilli 

Isolation of these org msms in pure culture is technically diScuh Repeated 
pi ting out of cultures IS usu llyo cessary and Rend Urtg rds the selection of a single 
spore by the Barber technique as essentui Cor obtainiog a pure culture For diagnosis 
seep 168s 

Tbe most important laccharolyUc anaerobe which ferments carbohydrates vigor 
ously with the product on of ac d and gas is ChjI 4 am utich 1 the gas bacillus 
It was isolated from some JS" fhe cases ot gas gangrene dun g the World War 
S cral other speaes may also be encountered patlKularlyC ttiem 1 1 n a/ gm (V ibiion 
septiq ) The local treatment of such lac rat d w nds should consist of immediate 
debridement to tender conditions unfa orable for the growth of the bactena 
Secondary i (ections of such lacerated wounds w thC ssefeft 1 ate very common in some 
tropical countries and post mortem invasi n with this organism is freq ent 

Technical Manual Guides to Therapy for Med calOffceri War Department Wash 
ington D C Ivo 8110 March ro iparad ses the following 

Gas bacillus Infection a Cenrtal — The problem of gas bacillus infection u 
largely one of prevention audallwo ndsinwhehsuchintect omsapossibiUty should 
receive proper surgical treatment (par 3) at the ea best possible moment 

i P oph^laxts — S Ifanil mide is recominended as the drug of choice the initial 
dose being 6 grams (90 gramsl oral and subsequent doses 1 0 gram ( j gra ns) every 
4 hours day a d night This should be e nimued for 7 days or until definiti e treat 
ment is available This period of Iberapy almost ^vays eliminates the possibil tv of 
gas-bacillus inf ct n Crystalline solfandainide should be used kcally It should 
bed vtnbuted evenly over the surficeof the would aiproeimately 01 gram (|t$ grains) 
be ng used per square inch but not o er 10 grams (150 gt ms) for any one person 
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e Trcalmtil U) General— The pTumtywoaati should btoptntd mdeJlialecUi 
ihould b« cemoved (la accaitoeal cues be so exteasive ss to warrsDt 

amputation) 

(j) Ckemalherapy —{a) SuUatbiaaoIe is lecommended at present as the drug ol 
choice 

(i) The dosage is as fonows 

I Initial Don (Oral )— 6 ognmi (90 grams) 

1 Subsequent Doses (Oral) — i o enm (ij grains) every 4 tours day and niglt 
until the temperature has been narmalfor 48 hours (hen of gram 
every 4 tours day and night until convalescence is completely established 
($) Serum TArropy —Polyvalent gas gangrene antitoxin should be used when la 
the opinion ol the rnedical officer it is indicated It should be adminuteiedin adequate 
dosage according to the directions inclo»ed in each individual package 

(4) Local Ckemetherapy — (0) If all grossly infected tissue cannot be surgially 
Teraoved sulfathiaaole po<adee ihould be applied locally being used in the same way as 
sulfanilamide powder (b above) 

(b) If all grossly infected tissue appears to have been removed a pa te ot aioc 
p totide way he applied This is made by nuamg a medicinal grade ol xinc peroxide 
with an approximately equal amount of stente distilled water or physiologic sabre seU 
tion to form a smooth creamy suspension which flows readily to all parts of the 
wound The wound is then covered wriih a thick byer of cotton wet with waWiot 
saline solution over which is placed a layer of rubber celophane 01 viseUne gs«e 
to prevent evaporation \ fresh dressing should be applied every 1 or a days 
out the exudate and old xme peroxide with sterile physiologic saline solution and wn* 
should b* continued until the infection has been controlled 
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Setlion I 

INDEX OF CLINICAL DIAGNOSIS 

a patient presents hirasetf the pbjrsicun is conironted witb the necessity of 
arcivmp St a tvorlting hypothesis xhich uUimstely lead to the estsbUshment of a 
definite diagnosis The difficulties ol precise d aenosis and the augmented mbs to life 
should an erroneous d agnos a be raade ate recognised and the clinician should allow no 
sign or symptom to go unchallenged regardless of how ins gmfici t it may seem On 
account of the increasingly complex j oHem of diagnosis the physimao may incline to 
depend mote and more upon the laboratory and lobe tempted to neglect the simpler art 
of physical diagnosis The teachings of CHIersboul lever be kept nmind To observe 
palpate perc sa and auscultate 

As Ftemont Smith has aptly stated tte forget that theaceuracy of the laboratory 
IS often specious that taany a disease anoot be detected cbemieallv or serologically and 
that time and aga n a diagnos s is wr tten upon the very countenance of a patient have 
we but the wit to recognise it Bugno tician and cnmi al detect ve have this in con 
mon that fo e h the disc very ol a clue is a first and an essential step m the tram ol 
reason nft Bach m his own field must be quick to sense the possibO ties suggested by 
the infinitesimal deviation from ibe no mat the detect ve by a bio d stain ee a bit ol 
aih tbe medical man by a tiny gUnd or a barely palpable spleen Any square millime 
ter of body surface may offer a clue Under apt roptate circumstances a single macule 
may arouse s ispicion ol tvpho d or measles or of b ctetial endocarditis 

It IS not the des re to leave the impress on that I borate y aid is not to he sought 
On the therhandwheninteUigcnUyu ed tisoCtheutoiostimpoitanceandnaybethe 
only means of c nfirtning or establishing a diagnos s Tbe matonty of the diseases 
mote c mmon in tropical countries ate ol a specific nature and the demonstration of 
the specific organism decisi e However one should keep in nund that the patient 
m y be suOenng fr m two or more d s ses and (his is especially true in the tropics 
Practice n the tropics often mu t be earned on without the a d of large Ubranes and 
laboratories and It sf rth s reason that there has been ms rted this section on svmptom 
diagnosis Tati nts seek medical aii lor definite reasons and they usually present a 
group ng of symptoms which when carefully analyzed will be found to be d agnostic 
In the following secti nthevarvi g svmploms are d fined and arranged is alphabet cal 
order Under each symptom the diseases are fisted in whi h this part cular symptom 
occurs and different ai diag ostic data re included as an aid in arriving at a tentative 
d gnosis The guil ng p inciple in the us of this ect on should be to note all symp- 
toms which ha e attracted special attention in a given case asceitam ng the diseases 
in which they occur and concisely to li t these diseases as possibilit es In this manner 
we may g nerally arri e at a tentati e diag os s on tbe first ex minalion Following 
this procedure one rosy intelligently apply the necessary laboratory aids to establish 
tbe diagnos s definitely Further obser alion f all symptoms the careful analys s 
of the temperature cut e the use of th theiapeubc tests o a study of the course ol 
ihedisej miyb required in order to am e tadefinited agnosisand toprognosl cate 
w lb sense of security 

Abof bon — The expul ion of th foetus before it ts lable is s common occarre ce in 
such diseases as syph Iis neasles ret p ng fever scarlet fever small pox undulinl 
fever food dcfuency d seases m !a a choten and plague 
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Albuminuria —Persistent albusniDum » tndjcative ol reral disease AJbj“ 
may occur due to pus blood and vaginal discha^escontammatmf the unne Exeesave 
nusrular exercise ingestion of large quanUties of proteins and prolonged cold b»ths tre 
common cau es of transient albunununa Cyclic orthostatic or postural albummuni 
IS fairly common in the young neuro asthenic type of individual Among the causes 
of albuminuria the most common ate altered blmd pressure and altered kidney slruc 
ture Alburmnunai acimtnoniindingtniiifecfisefesers gemto urinary haemorrhage 
nephritis nephrosis infections olgemto unnarysystem and is of diagnostic aid in yellow 
fever and blacKoater fever It H indicative of kidney complications in diphtheruand 
scarlet (ever 

fferiieri — The absence of albunun in the unne in benben is important in differ 
ential diagnosis from acute nephritis 

mict^ialer Ftref — In this disease th'rc isa great abundance ofalbunnnnithhaemi 
globin Albumin diminishes as the color of the unne clears up 

italurta — Albumin was present in of benign tcrtiin infections and of 
malignant ones at Johns lloplcins Hospital Several observers have recently empha 
sued th pre<ence of albumin and casts in some 50 ] et cent of severe quartan 
infections Among these are Boyd (1040) Amet Jour Trop Med p 7W 

} tllow r net — The disease in which this is of peculiar diagno tic *nd progniKbc 
value IS jellon fever We expect albumin about the second dav with a steady incresse 
tn amount during succeeding days of the fever The degree of oligurw ot the late 
vention of anuria is of greater prognostic value than the degree of albummuna The 
albuminuria is of great diagnostic value in differentiating yetiow fever from dengue 
Amblyopia — Himness or blurnng of vision occasionally occun vn maUna and m 
quinine therapeusis 

Afalatw— The plugging cl the retinal attenes may lead to blindness which maybe 

tran lentorla ting Thediscinploggingofretinalartrneshyplasjnediaisgfayuhrw 

distinguishing it from the pale white di c of quinine amblyopia 

Onchocerciasis may al 0 lead to disturbances of vj ion and bbndness in the advanced 
stages of the disease (ram keratitis and ehonodoretmitis . 

W ood alcohol arsenic and bromide poisoning are other cause to be eonsiderea 
Ophthalmoscopic examination should be made in all cu«es of complaint of dimnes of 
vision V j >4 

Allergy —The natural hypersensrtiv eness of an individual as contrasted " itn mdu « 
hvpi rensitiveness mav be manifested by asthma angioneurotic oedema hay fe'« 
intermittent hydrarthrosis and urlicatia 

Amenorrhoea— The absence of menstruation when not a symptom of pregnancy 
may be produced by the menopause «cute infectious diseases anaemia tubereu osis 
nervous affections alcoholism and it 1 al o produced by change m climate ror 
some time after arriving in the tropics women may cease to menstruate frr no obvious 
reason other than the change in climate or tuenotihagia may develop from the same 


cause , 

Anaemia — The deficiency in the quantity of blood (oligaemia) or in the quaut} 
as a deficiency in laemoglobin (o1t,ocbjomaeiuia) or in the dinunution of the number 01 
redbloodc Us (oligocythaemia) Krtybeduetolocalor^enerxIcondiUons Anaemiaw 
acrompanied by loss of energy palpitation cardiac murmur paleness of skin and 
mucous membranes and other syatemic ymptnms depending upon the underlying 
of the anaemia The van den Bergh te t v ill d flerenlute anaemia due to excessive 
ted blood cell desCruction from that due to loss of blood from haemorrhage or secondary 
to other causes In secondary anaeinu the van den Betgh test is normal while in ana^ 
m a due to the rapid destruction of red blood celbitss direct -delayed (regative direct 
positive indirect) and the quanlUative test gives a reading above normal Inex 
red blood cell de truction as in blacLwatcr fever malaria and pernicious anaemia t 
test 1$ of diagnostic value , , 

Tbecosmopolitanformsof anaeimaarediscusscdin ChapterLIV p 1500 

The old idea that tropical life produced an anaemia is no longer held the 1 ew no* 
being that such anaemic conditions are almost uivarubly due to ome recognixed cao^ 
the most inportant of which is malaria Natives of the tropics may appear bleacneo 
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out but show a normal red count and baemo^bin percentage Chamberlain s observa 
tiD 3 have shown that a reside ce in the tropics of approiimately two years has no 
appreciable inQuence on the red celt count or baemo^obin content of the blood of white 
men and that the actinic rays do not s cm t produce anaemia 

An }laslomiasis —In advanced cases of hookworm disease showing a picture of 
profound anaemia there may be so few worms present that the method of making diag 
nos s by tindi g 0 a may be unsuccessful \ncylostomusis s alo g with malaria the 
disease to be hist thought of in connection with anaemia It may be difficult to differ 
entiate the anaemia of m larial cachexia from chat due to hookworm disease 

Bla tualerFev r — The sink ngfeatu eofblackwater fever from the condition of the 
blood 1 Che rapid and great reduction ID red cells and haemoglobin Asa result of the 
baemoglobinuria we may have in a fe days a fall of red cells from 4 or 5 million to 
app Qximately 1 million and of the haemogl bin Co ao'” The color index is usually 
about t The hi od is thin nd the serum bnged Probably from the excessive 
haemolysis one does not see degenerated cells as frequently as would be expected 
Htln nth e Afft I nj — Not only bookwo m disea c but other belmmthic 
conditions are to be remembered as causes of anaemia \ cry important among these 
are rectal and vesical schisCos musis as well as ih t from Japanese schistosomiasis 
together with Ii r and lun^ fluke disease Even the ordinary r und worm As arts 
Inn irtecuits is to be thought of id a tr pical anaemia Lasea of anaemia in which 
no other demonstrable cause ha been noted have been thought to be due to trichuriasis 
Cases of DifkilM Ih n I tnm ba e s metunes been associated w tb severe anaemia 
Kct a or— Tbs d scase gives a marked anaemu with an earthy color of the 
skin Leucopen a and splenic cni rgem nt are char cienstic and the flndisg of para 
sites confirmatory 

Li tf Ah c s —The anaemu in liver abscess la sually not so great as the earthy 
complexion may indicate The eov ut on is greater than the anaemia 

ilala cl Cc hex c — Mthougb the malignant tertian infection has the greaCeiC 
tendency to produce aecuay ta y type may whenuntr ated bring about the more 
or less pr fo nd anaemia withes Cbyskin enbrged^teen d>sp oe on slight exertion 
■nd oedema of (he ankles char (enslic f malarul c che la 

Ualia Fnet —This disease u usually followed by a moderate anaemia 
0 icld —Not tni equently giv s n e in scv« e c ses to an anaemia from epistaus 
and haemorrhages else' here in the body accompanied by a nark d reduction n the 
cumber of blood platel ts 

Orcic Fne —In this disease there is wrhat id gbt be termed a fulminating pern cious 
anaemia The round d or rod shaped o ganism wbich attacks the red cells seems to be 
peculiarly acti e n the bone marrow e cru uti gb ne pains be ng sometimes a feature 
of the disease There may be a reducti n m red celb to one m lli n p r emm w thin 
a few days Normobl sis are abundant and megaloblasis may be observed 10 the more 

S Me-<cll A asmia —The red blood c lU may be reduced t 000 000 in the active 
phase of the disease Nucleated ed cells and basophilia a present There isa leuco 
cytoss— ij-jo thousand Jau dice is generally p esent. Laboratory d gnosis is 
made hyp ding the characteristic c esc t shaped red bt od cell (lumil d tonegr es ; 

Spr e — There is cons derable reduction 10 red cells wh ch may f I] below a 000000 
in idvanced eases The wh te cells may show a slight tendency to leucope u with a 
relative mere se in lymphocyt s The haemoglobin is n t as much reduced as the 
red cells so that we obtain a color index of from I t ij Poikilocytosis and punc 
tate basophilia are often aoted but rarely does one find nuci ated red cells In a 
severe case the blood picture is usually m cr cytic like pernicious anaemia Occa ion 
ally however it is hyp chromic The cosinophiles re rare or absent as the 
case advances One often finds many (y-q) nodes in lb polymorphonuclears The 
response to oral treatment with live extract is not so un form and r pid as in the 
dd soman pernicious anaemia 

Trap cal dysi leries are often respons ble for anaemia 

Tryp nasemtas s — \i the disease progresses a secondary anaemia may result 
The leucocyt count is usually normal but the diff rential count usually iows an 
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incrtase in the large mononuclears Bactcrul infections olten supervene nhen » 
leucocytosis will be noted 

Anaetnia Perjucious —Insidious onset iio marked malnutrition lemon vellow 
tint to skin ga trointestmal disturbances characteristic red raw longue and neuro- 
logical manifestations The folloiaing laboratory procedures are nece sary to e tablish 
the diagnosis comptete blood picture including haemoglobin estimation fta-nlity 
test and reticulated count 'an den Btrgh test and stomach analysis after hisUmus 
s« P tS73 "Hie following procedure is an eicelletit one m a case of doubtful diagnosis 
Administer daily 400 to 600 gms ot b'eror its equivalent of hver eatract over apenod 
and make a reticulated count every other day the reticulated red blood cells should 
show a steady increase up to the ?lh or pih div then begin todeebneas tie non rel'cu 
lated red blood cells inerea e up to about 3 $00 «oo with a reticulated count at tbu sUg* 
of 2 or 3% This phenomenon when occurring proves thejotencyof ihehvereitract 
and the diagnosis If it does not occur the diagnosis u in error or the liver cstraclis 
not potent 

Anuna.— fn anuria we have a cessation of lena! function 

CioJera — The disease in wbicb anuria is most tharacteiistic is cholera Dunng 
the stage of evacuation the unnary secretion becomes less and less there is along "itii 
the progressive failure of circulation and during the algid stage a suppression of 
urine The anuna seems to run parallel with an audosis and intravenous mieciJOBs 
of bicarbonate oi soda solutions lend to prevent anuna In the stage of rescUon 
the favorable outcome is the reappearance of unne which inrreases m amount to' become 
a polyuria In unfavorable cases the anuna comioues 

Biribm — In dropsical benben there is an oliguria ot rarely an anuna which with 
the rapid disappearance of the general body oedema mav' become an ercrssive polynn^i 
Black j.ai«r Fevtr -"fn blackwater fever anutta may result from the blocking up of Ihe 
renal tubules by haemoglobin casts Acidosis u present and alkabne treatment 11 wto 
indicated fhe urine is itriuiing $0 that there is vesical tenesmus with freqiK t 
urination 

//ear S/fcie — Ohguna or anuna « common aod may be foUowed durmg 
valesrenee by a polyuna Marked irritation of the bladder associated with supp«s 
Sion of sweating may be indicative of oncoming heat stroke 

1 tUoaiFner —The degree of renal involvement is of great prognostic value myeUow 
fever and those ca es where the obguna goes 00 to suppression are apt to termiotte 
fatally 

Ascites — An accumulation of fluid id Ibe peritoneal cavity The causes of 
in the order of their frequency are (i) Cardiac Wure (a) Renal disease (3)C»ib vis 
of the liver fa) Tuberculous peritonitis (j) Abdominal tumor* both maUgnant ana 

benign Other etiofogic factors to be considered ate intestinal obstruction pen 
cardial adhesions petniaous anaemia visceral syphilis thtombosis of the in^o 
vena cava tumors 01 kidney pensplenilis perihepatitis peritoneal adbcsions no®* 
worm di ease echinococcus disease eclampsia ovanan cysts and tumors 

In cardiic failure cirrhosis of the liver and renal failure the fluid frequently 
mulales with great rapidity with a* much as thirty to fifty ounces daily Tubercuiou 
peritonitis as a rule shows a more gradual rale pos iWy five or sit ounces dauy 
The diagnosis of ascites as a rule can be made on the presence of painle s ~**^*"“ 
ujoveaKie dullciess smooth shiny skin surface hroadenitig ol the have cA wa 
obliteration or distention of the navel enlargement of the supetfitial veins and B 


tuatwn on palpation 

borne of the conditions which must be distinguished from ascites are vr/ ' vj 
ot abdomen m this condition there may actually be a percussion wave on tapping 
flanks but there is no dullness in the flank (i) Tympanites no per ussion wave 
changeable dullness at d the X ray findings serve to diflerentiatr this condiUon «/ 
Cysts the enlargement due to cyst if iiequently unilateral as m evst , 

kidney or the ovary and it may be possible to outlme the Cyst and even move it aoovj^ 


U) Cnoieperiioneuoj uue lu w uuc uui^ — c— --- 

history of the case tbeoccurrenceofpainandatisWy ot trauma or precediaggs"* 
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aHick should differentiate (j) Haemepentooeun blood m peritoneal cavity may be 
due to extra uterine piegnaocy rupture of a «wcus rupture ot an abdomijial aneurysm 
rupture of varicose veins and also may be due to carcinoma or sarcoma Thepotient 
shows pallor dyspnoea collapse and immediate laparotomy is a necessity (6) Ois 
tention of the bladder may also simulate asates but the character of the tumor ma s 
IS pear shaped n iih retention of the tympauttc note id tbe flanks This suggests a dis 
tended bladder which can be vended bycsthetenaation Chylous ascites due to rupture 
of the thoracic duct or of the recepUculum cbyb may produce fluid m the pentoneal 
cavity FiUnasis may he a cause of chylous asatet Added cause* of asates ate 
chronic anaem a splen e anaemia splenomyelogeiious leukaemia Pjck $ d sease per 
n cious anaemia and aplastic anaemu 

Penben. — See oedema and neuntn 

Blaclrwater Fever — Ilaemoglobinuna jaundice enlarged spleen early vomiting 
and history of mala la The haemoglobinuric port wine-colored unne occurring in a 
patient previously lU with malaria s p acticaUy pathognomonic Examine filtrate 
of unn« *pectTQSCopica.Uy for haem globm sod methaemaglobin or by benzedine or 
ortbotoUdine test Examine blood for tnalanal p rasiles a d melar iferous leucocytes 
blood serum for haemoglobin and bibrubm (\an den Bergh test) and for methae nal 
bumin by the spectrosc ; ic test Donalb landsieiner test negative 

Blood Pressure lew —See hypotension 

Bone Affections —The bones become soft in rickets and esteemalaeia brittle m 
general pare is tabes dorulis and lo ibe senile Maignancy must be considered when 
bone IS invaded by a pathological process Fungous mfecii ns (Acti omyces} syphilis 
>a I and leprosy are common causes of bone affections 

A nhum —In this di ease there is thin mg or absorption of tbe bones of the t e A 
fibrous cord replaces the bo y structures 

Big Httl —There has been obser ed in nauves of the Gold Coast an affection of the 
os cslcii somewhat like that inv Iving the superior max llity bones m goundou The 
dise se begins wiib pam and tendemeu of o e or boib heels The enlargement may 
invol e only one os calcis or affect both bones There is no joint involvement but 
locomotion is interfe ed with There are periods of improvement which are followed by 
return of the pains 

C unJeu —In gound u the nssal bones and ibe nasal proce es of tbe sup nor 
maxilla are the seat of symmetrical swetbngs of tbe n ture of a hypertrophic osteitis 
These exostoses may be quite Urge so (bat (here is intrrfertncc with vis on There is 
bttle or no pa n connected with the bony growths and there is no lovas e tendency 

Sfycti ma — As th result of tbe invasion of an xtremity — usually the foot — with 
the causative f ngi dis rganizati n of the tissues involved takes place Thegranulom 
atous Process invades muscles and bones and as a result of the % nus formation w e 
have the bones converted into a softened cheesy mass This disintegration of bone and 
other tissues is alt nded with 1 Itle or no pain Th granules d charging through the 
s nuscs m y s ggest (he proper dtagnos s 

Bubo — Tbeenl rgement flymphaticgtandsaccompaniedbyi flammalory changes 
and frequently by suppuration is most (omnton in the groin and axilla \cn real 
bub cs ge crally occur in the groin as a result of gonorrhoea chancro d or syph lis 
Other causes of bubo in (he groin are plague rat bite fever and possibly tul raemia 
CLmstic bubo a form of tropical bulw due ton filtrable vi us 1 ilarias s m reabiy 
does not c use a bubo as it is not accompanied by inO mn alory cb nges unless bae 
te lat 1 fection results Tbe different forms of bubo must be differ ntiated by micro 
8 opical a d bactenological examinations 

CJuU — Cbn calJy a tree chill or ngor consists of a siiienng shaking or sudden 
tiemot of the voluntary muscles of varying duration accompaTned l>y sensations of cold 
and olien accompan ed or followed by an ek a(i n of temperature A definite chill 
followed by an elevati n of temperatnre in a previously healthy person is generally 
lodicativeof systemic disea e Ittsuic ses of rccumng chills that this symptom is of 
definite value in differential diagnos s Tbe occurrence of aniniual chill may give much 
needed Information when correlated with the cluucal findings. Bibary cobc may lead to 
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repeated attacks of rigors and a chjJI may follow cathetenration without infection 
Sepsis peritonitis osteomyelitis and erysipelas as a rule have an initial chill Protein 
shock IS a common cause of chill 

Cabot states that chills without any abnormal physical signs and with a normal blood 
picture are most often due to sepsis m the kidney liver or bile ducts 

Diseases wtth Reccrsivc Chill 

Ltishrnaniasts — Indefinite onset possibly daily chill remittent fever withadouble 
rise in 24 hours This double n e is characteristic and assists in differentiating typhoid 
and undulant fever 

ifolarta — The paroxysm of benign tertian usually commences with malaise and a 
slight headache followed by chilly sensations radiating from the spinal column to tie 
extremities which give way to actual chill with shabng of body and chattering of teeth 
pinchedface cyanosis and cutis ansenna If the rectal temperature is taken it will be 
found that the fever has already begun jet the patient desires wraps As the chill 
subsides the face becomes flushed and blankets are cast aside and the elevation of 
temperature may be 104 or 105 T This fever stage lasts from four to six hours and is 
followed by a sweating stage The chitb tend to recur at regular interval the tune 
depending upon the type of organism The finding of plasmodia m the blood confirms 
the diagnosis In subtertian mabna there are often blind chills 

Piehlis stone in the common duct and infective endocarditis may give n$e to recur 
nng cblls with intermittent or remittent fever 

5 e^/jfe/}e«io is characterised by recurrent chills without Kgulanty These may 
occur daily or every other day The finding of foci of infection or local signs of emboh 
with a high leucocyte count and the blood negative for plasmodia should differentiate 
from malana Enlarged spleen is common in both conditions 

Diseases in Which Inittal Chill Helps in Diagnosis 
I nitial chill with rapid rise in temperature is observed in rat bite fever infectious 
jaundice tularaemia and typhus fever 

Ptlarmsts — Elephantoid fever at times has sudden onset with rigors and high fever 
terminating with profuse sweating Redness of legs or scrotum accompanied by 
lymphangitis and painful lymph glands should be sufficient to differentiate from malaria 
Filarial infection is confirmed by finding of embryos m blood films The possibihty 
of this condition being an allergic mamfestalion has been mentioned It » most 
likely a bacterial lymphangitis engrafted on the filariasis . 

Fntunenia Lobar — In no disease is an initial chill so constant and severe and 0 
such early diagnostic aid dull fever pain m «de cough short rapid respiratioo 
flushed cheeks blood tinged rusty tenacious sputum is practically pathognomonic 
This disease is a common cause of death in the tropics . 

Spoiled Fever of the Rocky Mountains — Sudden onset with severe chill slow ns* ° 
temperature enlarged spleen photophobia and joint pains The typical eruption 
appears from second to fifth day of the disease and is an aid in diagnosis Typhus often 
shows a wore abrupt rise of temperature than Rocky Jfountam fever These two 
conditions show a marked resemblance and laboratory aid is necessary to differentia e 

Diseases in Which Certain SyupTous Mat Be Coneused with CHfii 
Cholera — dull is uncommon but the surface temperature is low while that 
rectum may be to higher Algid pemiaous malana may be confu ed with cholera 
but m malaria the axillary temperature is high and the diarrhoea is not so profuse 
Liter Abscess — Shows an evening rise of temperature with sweating which is no 
preceded by a chill Marked rigors are rare but have been reported shortly before 
rupture X ray may be of value in differential diagnosis 

Cachexia — Malnutrition with a marked state of general ill health is found followmg 
repeated attacks of malaria and in hookworm disease syphilis pellagra mahgnin^ 
and in the terminal stage of many d seases as kala azar In the terminal ° * 
disease it is of slight diagnostic value Cadiexm occurs fairly early in carcinoma ot i 
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Stomach and produces ipatlred malnutrition mUiaaaetnia In syphilis there is usually 
the history of infection »nd a po itive blood serum react on 

incylo5lo>nta$ i — Physical and mental retardation little energy or initiative is a 
common complavrvt The decrease tri red bload cells may teach a 000 000 Eosino 
pbha IS characteristic and may reach ss" This one finding alone should suggest 
an examination of faeces tor ova or parasites Hone er eosi ophihi is usual in other 
helminthic infections 

l/a/ans -History of repeated attacks retinal haem rthsses enlarged spleen 
enlarged li er Therapeutic test and the tinding of the pla madia in the blool are 
diagnostic The cachexia of both hookworm di ease and of malana may sho v marked 
a emia swelling about the ankles palpitation and sh tness of breath binding of 
ova in faeces » diagnost c of the former Cosinopbilia is significant in ho kworm 
infection an 1 is not found in malana 

Ptll gra — There is a wasting of all otg ns and tissues so that emaciation in this 
di ease is marked The localised aymmetncal dehrmted striking skm erupt on or 
pigmentation is characteristic History of previous gastrointestinal tract disturbances 
and th neurological manifestations should cause one to suspect pellagra 

SypIlU t — The history or presence of an initial Ic ion anaemia icteroid tinting 
of skin po iti e kahr reaction would suggest syphilis as the caus of the cachexia 
Other Conditions to cons der woutd be in the order named dysentery scurvy 
chronic alcoholism tnchinosis and citrbossof the b er 

Cholera—This disease is charactenttd by state of evacuation collapse cyanosis 
P ched face cold clammy skin diairboea hi h red bl od c unt eon entiated blood 
low bl od pressure The d (Tetence between surface temperature and rectal temperature 
nay b« le F 

Lab nitty Diag Tecove y of cholera vibrio (>) Agglutination tests 

(3) Cholera ted reaction 

Chyluria.— \ eiical varices f on lymphatic obstruction due to filanal disease 
ate the most frequent c use of the milky unne of chyluna The unne usually has a 
pinkuh tinge fc m blood admitture s tlut the condition is really a baemate chyluna 
The thoracic duct may not be the seat of ob tructio which has take place elsewhere 
when the cond tion is lynphurts instead of thyluru Lymph and chyle diSer in fat 
content the former ha ng ft m ery little t about while the latter hat 5^ or 
more femulsfedfat Chyle has also mor thantwice s much ptoteid as does lymph 
In chyluri the morning urine is often clear wb le that at n ght is milky On standing 
chylous unne sepat tet into an upper er am bke Uye with a pinks b sediment nd 
between a pinkish white flu d in which Boats a clot Centrifuge the urine rdaiial 
embryos may or may not be found in th unne Sometimes they are present in the 

Coma —A loss of c nsciousness from which the pat ent cannot b a oused may be 
be due to alcohol apoplexy diabetes pernicious mal ria uraem p soning bycertain 
drugs sunstroke and eclampsia See deb lum and coma 

CoaTulsioas — Para ysms of gene alued muscular contractio is may occ r in tetany 
rickets alcoholism arse c pcis ning tetanu epilepsy meningit s h at str ke b am 
lesions and eclamps In childr o espenally in scarp n po soning 

Cramps — A painful inv luntarj muscular c traction m y follow over-ere tio 
d s a common phen menon n athl tea also it is a prominent I ature of cholera 
n I CxUittsl —Severe m scle cramps of leg and atdomen occur Seedelrium 

Tetiny — It is in this Condition that cramps a e so cl aracter stic a d diagnost c 
the fingers sre flexed at metacarpal joints and terminal phalanges rigidly extended 
wfiife the thumb is Qe d across tbe palm The wnsls and elbows are flexed and arms 
h U ngidly across chest Che feet tor ed in and th fool aithtd T1 a position w 
pract cally diag Stic (Martin s sign) 

Cyanosis.— Blueness of the skin or p ijdish to Hue t nt of the f ce u a common 
symptom of card c failure acute itcohcdism asthma asphyxia of drowning trytbrae 
m a with scleross of the pumonary artery (Ayeeaas disease) carbon monoxide p son 
mg foreign bodies In the air passages apoblezy tetanus and tetany 
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Clioltra~As cyanosis develops Ae red count goes up even to 8000000 with i 
corresponding or greater increase in the leucocyte count The estimation of the low 
blood pressure is important as indicating (he necessity for intravenous injections 
The determination of the degree of serum aadosis is also indicated with rtfettnce 
to alkaline treatment In a convalescent from a disease suspected as cholera ae 
agglutination test would be of value and in the absence of the serum of immuDiui] 
animals one could use that of a cholera convalescent against a spirillum Isolated from 
the stool of a suspected case of cholera Films from flecks in nee water stools usually 
show many Vibrios with fish in stream appearance Identify by culture sod ayglu 
tination test with cholera immune strum 

i’fosmocAiii — The most important toxic manifestation of plasmochin is cyanosis 
without d>5pnoea A metbaemoglobinaeimi results and cases have been reported when 
the symptoms were much like those of blacknater fever with methaemoglobmuni 
jaundice and very great red cell destruction 

Death Sudden Causes of — Coronary occlusion angina pectoris cerebral baeaor 
rhage rupture of aneurysm sunstroke shock diabetic coma uraemia valvular dis- 
ease of the hrart especially aortic and rupture of a viscus Sudden emotionaltnuma 
may result in death 

Diarrhoea —Frequency of defecation la not ueccssarilv diarrhoea The essential 
factor in diarrhoea is the abnormally rapid passage of food residue through the ah 
raentary canal accompanied by fluid stooU An acute onset suggests a tone or infectne 
origin while a gradual onset m a middle aged individual suggests new growth Dur 
tboea may be due to mechanical or chemical stimulation of gastric motor activity 
Nervous fermentative fatty chylous and putrefactive diarrhoeas are recognised 
Sprue or new growths may originate diarrhoeas See dyseotery The chronic diar 
rhoeas of the tropics are often associated with amoebic dysentery and in such ei ej 
we generally get a history of tecumng attacks of diarrhoea separated by penods of 
constipation . 

In sprue the condition generally sets in as a morning diarrhoea very profuie sn 
painless Hill diarrhoea also shows frequent stools of whitish color from early morung 
until about noon The typical stool of sprue is a gas permeated putty-colored onen 
Sive mass extraordinarily copious , 

In cholera the rice vrater stool wbicb 1$ not attended by pain causes an unuiua 
sense of prostration even at the qpset of the stage of evacuation 

In pellagra we often have a recurring diarrhoea or mdd manifestations of dysentery 
The stool of pellagra is darker and less copious than that of sprue and *l*° ^ „ 

normal fat content while that of sprue is very fatly — as much as 30% of ingested fat may 
appear in the sprue stool as against about for the normal one , 

In Japanese schistosomiasis or Katayama disease following the stage of urtican 
fever the microscopical examination of the blood tinged bit of mucus (w hich often cap 
the stool) for the spineless ova of the Onke is the most favorable measure for deternunmg 
the diagnosis The diarrhoea may be intermittent 

The Duke diseases of the Uver and intestines give use to various disturbances I 


diagnosis is made by finding the speafic ova in Ae stools r 

In infections with SirentjhtJes afercorofu there may be vague manifestations 
neurasAenia and diarrboeal distntbances Cochin China diarrhoea was w es^ber yea 
regarded as a Slroiifiloitits infection and this parasite 1$ often found in diarrhoea! ca 
in that country and elsewhere in the world , , 

Intestinal flagellates are so common in the stools of well people in the , . 

one should be very careful in assigning a pathogeuc tfile to them It is now accept / 
many that Oiardm lamblia can bring about exhausting diarrhoea 

After the repeated examination of the faeces without findmg ova or parasites o 
should thmk of tuberculosis syphilis ulcerative colitis and such other causes 


diarrhoea as sprue and pellagra _ , , _ . 

Tetany “The calaum of the body is utilized to combine with fatty acids to 10 
calcium soap in chylous and fatty dianhoea thereby diminishmg the blood calcium an 
tetany res Jlts Scott having found a defiaen<7 of the calcium in tbe blood in spru 
suggested giiving calcium and parathyroid in Ais disease 
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Delirium and Corns — It is difficult to make a sharp distincti n betneen a disease 
shoving delirium and one shoving roma as del nous states tend to be (olloved by coma 
or such conditions msy alternate 

Choi ra — Foltovi gupon tViealpd stage of dioteta we may baveastage of reaction 
nitbout the reappear nce of tbe urine id whicfa a typhoid state with low muttenng 
delirium or even with an acute deltnous state supervenes 

Dysenie y — In very toaic cases of bamUary dysentery there may be a mild 
del lum 

lltol SlroLe — There may be no more difficult problem eocounte ed in tbe tropics 
than the one of d fferentiating ccrel ra! maliria f oiti beat stroke In heat stroke ne 
may ha c either del rium or coma 

iloli III — In the ordinary paroxysm of mabgaant tertian there is quite a tendency 
to flightiness dun g tbe prolonged hot stage In the cerebral types of pernicious 
malaria there may be violent delirium followed by coma or the patient may be comatose 
from tbe onset of the paroxysm Such conditions are often mistaken for sun stroke 
In the comatose form of m lana we have a h h temperature with sighing or stertorous 
breatbi g and at tunes Cheyne Stokes re piration 

Oevoretr — Debrium is often oted hfarked anaemia irregular fever pain m tbe 
bones enlarged spleen and debnum should make one think of Oroya fever but tbe 
d agnosia tan be defnittly made only by the W od txamination and the finding of 
Carlo ilia in the red corpuscles 

■Peffogea —Comatose states following upon the acute eenfusional psychoses of 
pellagra ate not uncommon Pelbgra may show an acute collapse delirium 

Pfegir— Injl guether is more of a mild detinousstaie m which the patient has a 
great tendency to wander about Tbe mental slate is rather that of an intearated 
person with the Ibckness f speech and retardation of mental prores es 
/t I Bill Fet r— Pebnutn is a common finding in nt bite fever 
Spoiled Fttere/ tilt Fo hy if OH lai tends to produce stuporous states 
T ypanoi m au —Toward the end of Che sleeping SKkness stage we have a tub 
normal temperature with a comatose stale 

Tiuli itami iht—fi delinous state especially at night is often noted in tsutsuga 
nusbi 

Typh t Fever — 10 typhus fe cr (labardillo) del nous or stupo out states are to be 
expected about the end of the first week o even e rlier This is a disease m winch the 
cloud g of (be consciousness IS almost as marked as n plague Delirium is more apt to 

In tbe above nftelio ir the origin of (be debrium or coma is determined by tbe 
discovery of the specific orga sm In pellagra (he ne vous and mental symptoms 
associated with tbe cutaneous lesions are often of assistance in diagnosis while in 
spotted fe er tsutsugamushi a d typhus fever the k\e i felit reacLon may be of val e 
m diagnosis (See p 94s } 

I lloa Fever — In yellow fe r tbe alert suspiaous mental state may give way to 
one of ma ked delir uin requiring close watching to pre enl tbe pat ent throwing himself 
from his bed (See p 89S for diagnosis ) 

Dengue — See tempe aCure 

Dysentery — The designat on dyse tery refers to a symptom complex (i) Small 
frequently pass d mucous or muco saoguinolent stools ( } Tam connected with 
spasm of the sphincter am (tenesmo ) a dintestin Ignpi g (torouna) The condition 
may be set up by different caus s but baciDaty and amoebic dysentery so outwe gb the 
other causes that they sh uld immed ately be thought of when the term is used See 
diarrhoea 

Am et c Dy enlery — D agnosis (1) Fa nunc stool for Endam eia *i ! fjtica (j) 
Study of cellular exudate from stool will help differentiate baaOary dysentery (y) 
Usually no fever or toxaem a in amoebic dysentery 

Baetllary Pysent y — This disease is cbaracteru d by (1) Frequent sc ntysto Is of 
mucopurul ntormuco-sa fuinolentcbaratter { ) Marked t xaemia and exhaust n 
Cl) El v Hen of temperature :oi to toy F Dugnosis should be confirmed by isolation 
oi the dysentery badlli See p gOS 
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In cialera we have a profuse diarrlioea of nce water stools without colic or tenesmus 

Lahoralory Atd —Culture from stool examination of cellular exudate is character 
istic and w lU diflerentiate bacillary from amoebic ds senterv Tuberculosis cancerous 
and syphilitic processes as » ell as helminthic and other protozoal infections should be 
Considered 

Dyspnoea — Difficult or labored brcathinj; may be expiratory or inspiratory and 
may be due to cardiac renal acidotic or other causes In dyspnoea the accessory 
muscles of respiration are often brought into play and in marked dyspnoea the alie 
iiasae dilate and contract with each respiratory effort 

The common causes of dyspnoea are Tuberculosis pneumonia cardiac decompenu 
tion asthma acidosis (diabetes mcllitus) anaemia pulmonary congestion tumors and 
aneurysm 

Tropical conditions causing dyspnoea are Typhoid trichinosis tetany tetanus 
rickets scurvy glanders beriben pneumonic plague and allergic manifestations 

It should be kept in mind that in cardiac dyspnoea the work of the heart is lessened 
when the patient is propped up or even leaning forward which phenomenon maybe ol 
diagnostic value 

Eosmophilia — Ivormally eosinophiles average about 2% (05 to j") of the white 
Cell count These cells rarely increase in number in tnhctious diseases or in those 
diseases terminating fatally It u m ihc non bacterial type of disease that an eouno 
philia occurt Eosmophilia occurs following foreign protein injections and m conditions 
due to protein hypcrsensuiveness such as hay fever asthma angioneurotic oedema 
%nd urticaria It is also a characteristic blood cellular constituent m tnchinosn 
mycotic and various hefminthologieal Infections According to Ehrlich and Lsttni 
eosinophiles are fortned m the bone marrow and from there are attracted to the blood 
and other tissues by the action of some toxin or other substance that is cbemotaclic 
tor this cell Their clinical significance is stiU debatable The proportion of eoMno 
philes in the blood of children is greater than in that of adults here the eoiinophiles 
ate increased to we have a moderate eosmophilia In some cases of infection 
with intestinal parasites especuUy hookworms but also from other parasites as round 
and whip worms we may have an eosmophilia el 30 to 30% In Guam among the 
natives it is difficult to find an eosinophile count under is*” The eosmophilia tends 
to disappear when the anaemia becomes veiy severe An increase of eosmopblei 
alw ays attracts attention to the possibility of intestinal para ite infections or to sk i 
affections Eosmophilia is common in onchocerewsis and frequently occurs m wa 
infections with Calabar swellings and in Dr<jcw»c«/ar infection The explanation ei 
eosmophilia is obscure although Neisser regards ihe increased production of eosinophiles 
as an expression of sympathetic system imtation The subject is discussed further in 
Tilariasis p tjyS 

Asl/imo — According to Huber and Koessler (191s} eo mophiha is the most stnfcmg 
cellular constituent in the atopic (inherited) forms of asthma In bacterial or infectious 


types eosmophile cells were usually absent 

/foy /Veer —During the active symptoms of this condition eostnopbdes may “ow 

an increase to 15^ prior to theadvent of symptoms of hay fever patients do not show 

an increase of eosinophiles in the blood Sternberg (1928) states that the shock 0 
the sudden entrance of a large amount of pollen protein into the circulation » probaWy 
the cause of tbe eosinophile increase , 

JltlmtnthoJogicaf fnfechom — In the earlier stages of ancylostoouasis and 
tosomiasis we have a rather notable increase in the percentage of eosinofhiles but 
with the advanced stages of these infections with severe saaetma the eosinopnurt 
may even be absent One should al\ ays keep in mmd the very characteristic ano 
marked eosmophilia of trichinosis when such a blood finding is encountered 
IS often a leucocytosis of is 000 to 20 000 in this disease In the urticarial fever stag 
of Japanese schistosomiasis the marked eosmophilia is of great assistance w ibap-os'S 
One trouble about attaching importance to eostnophilu in the tropics h the 
which IS difficult to eliminate and which anses from infections with the more 
but less impocunt group of intestinal parasites such as Ascans and rf«*»r»r an"! m 
of the filariidae £cJii»omcc«i infection haa an cosmophiha which disappears wflca r" 
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cyst IS Tccaoved Coniiausnce ot the cosinoidsih* indicates that ell cysts were not 
gotten nd of 

'/yerujtnouj ienloemia — Increase ol both eosioojhfes and mast ceUs ts found in 
myelogenous leultaemia 

An eosiaopblia lends to appear (oQosrine splenectomy tNitb a Wnght stain 
shoiiing acid tendencies one may regard sod count polymorphonucleais as eosinophiles 
unless noting smaller size of granules 

Shn AJeclion ! — Fcaema and psonasis ate not apt to give more than 3 or a®* 
eosinophiles A rather high degree of cosinoptilia is found m mycosis fungoid s 
Scabies aUo gives rise to an eosinophiha 

Tricft noli] — N tombinatioTi ot tosuiophil a onth tever and maslied tains in the 
muscles is characterist c of ths crndiuon This comhinitioo of symptoms would 
ju tify the eacv ion of a piece of muule for exam n turn for encysted embryos 

Typlimd — A normal or incrtas d percentage of eosinophiles is strong e idenee 
against a diagnosis of tvphoid 

Erupbona, — The tropical feiers in which a more or less diagnostic esanthem may 
be noted are African trypanosomias s tat bite fever yaws dengue tsutsugamushi 
sf otted fever of the Rocky hfountaios typhus fever and trench fever 

Eye Diagno bc lafomatioa Obtained from. Aocylo ramtasii — Retinal haeraot 
rhages may iccur with marked bookworm anaemia Stiles notes a Ssed sure in boede 
M arm ca e the ey« itself 1 mewhat resembtuig the eye of a fish Among other diseases 
showing ocmUc ttunifestat ons may be menttoned one associated with fibrous nodules in 
the upper lid due to lat a\ dibothnocepbabd 5 ^irgatiu>>) man »ri 

In pencorneat conjuncti it s the oucroiilanae of Oudioee ea are usually found in t 
enip of the eo junctiva 

Aeeuryim —Inequality of pupil is a cannon finding through atimulaUon el sym 
pathetic nerve supply to the corresponding pupil 

Arr fliefoi oRing — riChnessof lidsi a common finding 

BwUiry Dyst ferv— Oulte a number of casts have been reported where along 
with an artbm e eomplicati n the e has been conjunctivitis In 6 casts of dvientene 
conjunctivitis hfas ell noted that 4 cases had anbntis and 3 of the latter showed 
aeitenor useitis The conjun tmiis b ted about a week Re'apses seem bahle (0 
occur In none of the cates has tb r been recovered from the cor j inclival secretion 
the organism of dysentery 

B^r it i — Iatht disease there have be n r ported the foUowmg eye compbcations 
(0 Rett bulbar neuritis (a)ratalysesofthemusclrsoItheeye (j) Decreased sensi 
bibty of the co nea and conjuncti a 

Btlalism — Diplopi and ocular paralysis are common bn 1 ngs 
Cati act — The general impte ion is tl at cataract is more frequent id the tropical 
eg ons than 1 Europe and as beanng out this view EUl ott notes that cataract am ng 
those Europeans 'ho have served in India stems mor frequent than among those 
who have remained in England Cataract 1$ aHo more common 10 the southern part of 
China than m the northern po tion 

Cl at I— ts a result of the loss ot body fiuids the lachrymal secretion is sjntv or 
absentindweb vev no sconiunctivalandooroealtioubVesuTii sstbeeyeislitqutiilly 
i ngalcd will n tmal she \ treo is opacities an 1 cataract may follow cholera 
Ih ^ / 1 —In diabetic coma Ibe s ft eje b M may be of great diagnostic aid and is 
r girded a a chiractensuc si n of thi condition Cataract is common and when 
encountered before the age of fifty diabetes must be excluded 

Dipilher a — ^eurltls of (be ocolo motor nerve producing ptosis or sq j ot or more 
commonly p tiiys s of cil ary muscle may follow d pi them 

f ephal lis Ltiha t ca — Tran lenl douUe vi um and paralysis of one o! the ocular 
m isel s o curs e peci lly at the onset of the d seise and may be of only a lew hours 
duration 

Endacii d lit hi h ult — retechial suheonjunct vai haemorrhages may suggest this 

£x yir fniK C ( — Lflag rid bilateral e ophthalmos are cardinal signs of this 
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Ftlartasts —In that filarial infection caused by Loa loo at one time designated 
F ttarta ecuh there seems a special tendency for the adult worms to wander to the sub 
cutaneous tissues in the neighborhood of the eyes or under the palpebral or ocular 
conjunctivas It hen moving under the coDjuncMva th worms cause marked imtation 
and at times pain There may be considerable swelling so that the patient cannot for a 
time see out of the invaded eye It has been stated that the worms may enter the 
anterior chamber of the eye but this is questionable Lesions of the cornea and ins 
may result from the migrations through the body of the microfilariae of Ondoccra 
roltttdus keratitis punctata and intis have frequently been observed in 0 ciucviuni 
infections in Guatemala and Africa For other helminthic infections of the eye see 
P »37i 

Clart /li/fienopiij and Clare Conjunnivilit —These manifestations of tropical sunlight 
vary m different individuals From slight discomfort after being exposed to bright 
sunlight the condition may grow uorsc until there is severe headache and pain and 
tenderness of the eyeballs bo hyperaesthetic may these individuals become that 
even bright moonlight may cause discomfort The fundus is normal but one should 
have in mind the suffering which an ophthalmoscopic examination may cause The 
pupils should not be dilated It is wise always to wear tinted glasses when m the sun 
particularly if one experiences discomfort While there may be little mcapanty at 
first the discomfort may after a few months or years of tropica! residence become so 
marked as to necessitate one a leaving the tropics No ether kind of glass to obviate 
the ill effects of glare equals the CrooVe s glass Cases of gUre asthenopia often show 
conjunctivitis and in some ca es this is extreme There is often a combmatian of 
wind dust and glare producing the conjunctivitis These factors with the course of the 
tears extending inward influence the frequency of pinguecula and pterygium in the 
tropics 

Injectxout Jaundm —Intense injection of the eyes may constitute the earhest and 
most striking feature By some the injection of the conjunctivas is regarded as almost 
pathognomonic pre enting a distinct network of vessels in the cornea and sclerotica 
Ltpfosy —The eye is more frequently involved in nodular than In nerve leprosy 
In the former we have infiltration of the conjunctiva which may extend to the cornea 
The leprous nodules invading the palpebral conjunctiva tend to ulcerate and bring about 
various distortions of the eyelids producing ectropion Iritis iridocyclitis and irido 
choroiditis are Jess frequent than conjunctivitis and keratitis The optic nerve and the 
retina are only rarely involved In nerve feprosy the eye changes are chiefly con 
nected with the lesions of the fifth and facial ner es Plosis and paralytic ectropion 
occur with frequency Ophlhaltma and corneal ulcerations may lead to total deslruc 
tion of the eye The cornea may be anaesthetic Paralysis of one or more ocular 
muscles may cause squint or diplopia 

Malaria — It is questionable nhether the lorma oI conjunctivitis and keralilis at 
times reported as due to malarial infection are not rather of other origin Intis « 
rarely a complication of malana Retinal haemorrhages may occur in malaria! cachexia 
and cerebral tvpes of pernicious malaria Another rare malarial complication is ambly 
opia In this there is an optic neuritis with rosy or grayish red disc and the loss of vision 
IS not complete while in quinine amblyopia the disc is white and the vision comp ettly 
lost for a time 

ifentntilis — Ocular paralysis may accompany other signs of this disease 
^/ullt/le Sclerosis — Transient unilateral occular paralvsis or transient bundne s 
may be an early sign of multiple sclerosis This disease frequently simulates hysteria 
Nystagmus intention trernor and scanmng speech are charadenstic 

ifyxoedema — Loss of the outer third of the eyebrow frequently occurs 
liiephrilts — PufBness of eye bd is frequently as ociated with nephritis Defecti« 
vision IS common in chronic nepbntis and may be the first subjective symptom TM 
eye grounds in chronic nephritis are almost pathognomoaic flame shaped hiemorrha 
with white spots or radiatmg lines m the region ol the macula 

Blindness and Xerepit) almto — ^Both of these conditions are quite common in 

certain parts of th* tropics and the view that the heat of the tropics and the tropica* 
sunlight were potent factors had precedence nntil our study of vitamin requirements 
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ilw«ed tlie ttiologr to r«t w dffiotMy ol »o!;>ble A Ins bo* lno«n Uut ood 
Iirtr oil IS psrtJcuUHy neb in tbu mtaiiun sitd t&st is tba spot *e bave out best 
prtmiti e and CDratiNC »s«st (n these cyeconditio&s. It u veU tnosro (haC RU ted 
on a d rt defioenl in fsl loliiWe Adeselop tetopUbalmia Night blindness (njrUlopia) 
a best ifiosrn sraop* the enrsrs o( ships npeosU) when becslmed in trop cal 
*stm and some indnenceottunl ht«a «>iisiJefe«J the cause but *e no* know that 
It w among such pervJnneJ that ship benben and Kurry are prone to ocmi by reason ot 
deSaenaes in water soluble 8 and the anuacorbuuc otaimns In such a dietary tat 
soluble h would also probably be lacking 

Faf^Mi Frtr — Inject an ol toejancuira ta macked alten in band (oreution 
estendins across eye ball Eje la tender to pressure and photophabu is aevere 

SawM) » — Thisdtug produen )cl)ow ns on 

S<JrTj /« i«di<rwe— This 6nd BK may suggest obstfticuan of conunonduct Klrrosis 
otcheli rr gaOstooes ca ciBomaoltbehradoithepaneTeas catarrhal jaundice acute 
yellow atrophy hanaoljlic jaundice pcrnici us anaeeus sickle cell aBaceua yellow 
feitr malaru black water feitr lint du oie and poisouusg by acseaic phosphorus 
and caiboa telratblnnde 

Sjfh j — linestn loss of ejebrow suggests late secondary syphilis particularly if 
accompanied by irrcguUr loss of hair o rr temporal regions Corneal icamng may 
es-id oeeaprex-uiusayphiliiick nuns loettoality irrtguUniyofpupilanddiBunisbed 
or absent bghi refieg should make one suspect syphilis Cilateral intmtitial keratitis 
tadiutn eongeniuV syphilis. I) pi pia ptosia os paratj^s of any muscle of the eye 
sugtesis ijrpbklis as the most e mm ft cause 

rwk freer ~tn the reUpting ( see o( South \>nra ireus has bero n ted as ocea 
uoftally oceumng 

Tail aerM— Iti theoeul gtaadular type «f the dutue «» bhvt t pnmary lotaltu 
Uon u (he conjusrtj a> uc There u weeping awttlmg of ibe bda and oedema of the 
ocular eonjuncti a and p pule (omat on os lower lid Ttftdenesa and paia in pte> 
auricular parotid submasilUry os eaten t cerx-ical Ij-aph glands when prewot are 
most so»*tsti e 

r y^4» tensM u —Eye les ons are Au t« trequeni in ihja disease these beiag kert 
titis indoeyclitss or coRiURcti Uts O^tna about the eyes u of imponance in dug 
Dosis ty lesions bare been reported as more commoB la Riodnian trypanosomiaais 
The atosyl and Iryparaamide treattneot o( the disease siay cause opuc neuntu asd 
blindness 

i CffifrerT — tnlhcpecwd tooseiafeatareof tbeso-called facies olthedisease 
cn y be marked injecti n of the coniunrti ae with seiuiuieness to ] bt Rush 
hkened iC to the eye of a wild a imal as contrasted with the less ferocious eye of bibous 
remittent f xerwbicbRi re resembled that (wd mesticated aaimal About the third 
or fourth day the arliest maoifestatioo of jiaodice presents itself in the ocular 
Conjunctjxae 

Face — PuSness ol the face wilh enlarged thyTo d has somelim s been reported 
10 acute types of Amencao trypanosomusix Siicb cases may ba e been associated 
With endemic thyroid disease O e should also cossid r glomtruli>.Dephnlis and 
tDjnoedtma with this symptom 

Fseces.~U u ad isable to ecacoioe a stool oacnseopically before taking up the 
(Bicroscopicat eaaminatsra Pur or blood in stools nay often be aoted iritbout the 
aid of (he microscope The normal stool is sausag -shaped and soft. In obstruction 
of the common bile duct we bs e achobc. whitish foul-^raellisg stools If the piulty 
col be due to bacterial change esposurc t» the air will restore the brownish tinge 

CkfUr — The faecal charaet r f (be stool re choJen u soon lose tad the typical 
nee water stool takes its place Tbis des gnauoa u rery apt and the Soectih of intes- 
tinal rp tbehum IDS watery slightly opaque flu d suggests nee wsler 

X>y enlery— The tnuco-ponilent alod f bftcillaiy dysentery is flecked or streaked 
with blood or a % ety bnght blood tin ed nacus rather than the homogeneous grayish 
brows geUtino s mixture o distntegnled bload and mneus of the aiaoebio stool. 

Th Butcus o( baciQary dyseaury u paque Aud graj-ub tna the great cuabet 
of pus and phagocytic c Us It is well t« remember that Charcot Leyden crystals 
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Filartasts — In that filana! infection cansed by Lea loa at one time desiinateJ 
Filana ecufi there seems a special tendency for the adult worms to wander lo the sub- 
cutaneous tissues in the neighborhood of the eyes or under the palpebral ot ocvlaf 
conjunctivae hen mo\ ing under the conjunctiva the worms cause marked irritation 
and at times pun There may be considerable swelling so that the pitient cannot for a 
time see put of the invaded eye It has been stated that the worms may eater the 
anterior chamber of the eye but this is questionable Lesions of the cornea and ms 
may result from the tnigrations through the body of the microfilariae of Ondocerca 
rc/»fi/«s Keratitis punctata and intis have frequently been observed in 0 caeeutiens 
infections in Guatemala and Africa For other helminthic infections of the eye see 
P 1371 

O/iire Asthenopia end Glare ConjUMc/mfis — These manifestations of tropical sunlight 
vary m different individuals Frorn slight discomfort after being exposed to hnght 
sunlight the condition may grow worse until there is severe headache and pain and 
tenderness of the eyeballs So hypcraestbetic maj these individuals become that 
even bright moonlight may cause discomfort The fundus is normal but one should 
have in mind the suffering which an ophthalnioscopic eTammation may cause The 
pupils should not be dilated It is Wise always to wear tinted glasses when m the sun 
particularly if one experiences discomfort While there may be little mcapaaty at 
first the discomfort may after a few months or years of tropical residence become so 
marked as to necessitate one s leaving the tropics Ko other Lind of gUss to obviate 
the ill effects of glare equals the Crooke s glass Cases of glare asthenopia often show 
conjunctivitis and m some cases this is eitreme There >s often a comhinstioa ol 
wind dust and glare producing the conjunctivitis These factors n itb the count of the 
tears extending inward influence the frequency of pjngaecula end pterygium m the 
tropics 

Itt/echaus Jaundiee —Intense injection of the eyes mav constitute the eaihe t and 
most striking feature By some the injection of the conjunctivsei regard d as almost 
pathognomonic presenting a distinct network of vessels m the cornea and scJerotics 

Leproty — The eye is more frequently involved la nodular than in nerse lepiwy 
In the former we have infiltration of the conjunctiva which may extend to the cornea 
The leprous nodules invading the palpebral conjunctiva tend to ulcerate and bring about 
various diatoKioni of the eyelids produoog ectropion Intis indoeyclitis and indo* 
choroiditis are less frequent than conjunctivitis and keratitis The optic nCrveand the 
retina ar* only rarely involved In nerve leprosy the eye changes are chiefly to 
nected wuh the lesions of the fifth and facial nerves Blosis and paralytic ectropion 
occur with frequency Opbthafima and corneal ufcerations may lead to total destruc 
tion of the eye The cornea may be anaesthetic Paralysis of one or more ocular 
mu cles iiiav cause squint or diplopia 

Malaria — It n questionable whether the forms of conjunctiviti and keratitis at 
times reported as due to malarial infection are not rather of other origin Intis w 
rarely a complication of malana Retinal haemorrhages may occur in malarial cachexia 
and cerebral types of pernicious malaria Another rare malarial complication is amb y 

opia In this there 18 an optic neunti withrosyorgrayish reddiscandthebssofvision 

is not complete while in quinine amhlyopu the disc is white and the vision compfetety 
lost for a time 

JfeHifigiJiJ — Ocular paralysis may accompany other signs of this disease 

Uv^t^ple S lerosis — Transient unilateral occular paralysis or transient blindness 
may be an early sign of multiple sclerosis Thi disease frequently simulates hysteria 
Nystagmus intention tremor and scanning speech are characteristic 

IfvioeieiHO — Loss of the outer third of the eyebrow frequently otcurs 

— PufBness of eye lid is frequently associated with nephntis Defective 
vision IS common in chronic nephntis and may be the first subjective symptom The 
eve grounds m chronic nephritis are almost pathognoiuonic flame shaped haemorrhages 
with while spots ot radiating bnes in the region of the macula 

Jiitht Blitidness and Xerophtkalmta — Both of these conditions are quite common m 
certain Parts of the tropus and the view that the heat of the tropics and the tropica' 
sunbght were potent factors had precedence nnul our study of viUmin requirements 
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CvJliJij— Cisw ot cy^tiUsotTurt ngmdywntwy li»>e been reported nbich showed 
jmoebae m the sediment Itheurme SgcliMseipTotibly were connected with fecto 
meat fiatutae ca ised by amoebic ulceration 
FiljrijHt — One of the manifestations of (Janat dseas is lymph scrotum in teh h 
the Ktotuco (s eosered with amall blebs tontauiiog a chylous fluid »h ch may possibly 
contain mieroflinae Xt is associated snth recurring attacks of lymihangitis TTiere 
H aUo a bUriat orthiVis and we may Via t a \y1n7A1a11t1Us of the ty mphiVtcs of tbs cord 
Again flanal disease may show a ctytocele in which the tunca vaginal s contains a 
fluid similar to that seen in the \ snccs of lymph acrotum This flu d may also show 
Clarul embijos 

Fu cul lit — In endemic tunicolitis there u a sudden onset w th high temperature 
and pam in spermatic cord and ep didvmis The general cond ti n rapidly becomes 
gra e with a hard tender cytin ft caisweUiog along the Cord and also pam ami swei ing 
ol the epididymis It is a iirepiococcus infetti n usually engrafted on a filanal or bil 
baixial process snd demands immediate surgical measures 

Glut eae— Cases of gangren ot the scrotum have been r ported as connected 
with tnslana Gangrene 0! the wrotura and penis is not Inlrenuently noted in Rocky 
Mountain fever 

Croauleno— Granuloma t the pulenda is a disease which is common m many 
tropical countries and in the soutbem Unite 1 Stat s and in which organisms described 
as Donovan s bod es (perhaps related to fiu< Hut oiucoui r / ufa>u ) m y be dera n 
sirated t y microscopical eaammation 

er may be aeeonpanied by slougb og of the scrotum at the time manifesU 
tions of caoerum ons are noted 

ftfff 1 —It leprosy comes on before puberty the seiual organs remain tn an unde 
veloped condition Leprous infltntions are n ted in the testicles and ovaries In 
nerve lepreiy which does n t usually c me on u til alter puberty the women may 
bear healthy children and it is now th ught that lb view th t leprosy markedly tenda 
to prod ee alenlity is lack ng m eonflimaiion 

If alo Id —In malana Thayer st ted that nepbt ti occurred m about s*’ ol mal y 
nant tertian ca ea MacFie Lumbers (ipsol lave called atte tioti to the fttquetit 
occurrence of to 1 nephniis tn k « quartan infections Dojd a d ! rosVe (tqti) 
point Out that malana nfecti n ptoduc s a nephrosis rather than a nephntts 
0 (A I / —Malta ot unduUnt fever may rarely be attended by an orch tis 
T icAci/Ayloii fn/rci un — Dhobe ltd la cha actemucally located in the crotch 
region 

Glands Enlarged —X* fl ry — The a m is drained by a chan ot the aiiUaty 
lymphatics turrouoAwig the axillaiy vessets The a ttnoi chest Vo the uipile is 
drained by a second axillary cha n s tuatc I long the lower border of the pectoralis 
major A third chain t ceives the lymphatics dr iM g the poitenoi chest The 
axiU ry lymph glands is y becoro enlarged d e to tuUraemia rat b te fever plague 
syihihs infected wounds ilodgki sdiscas leukaemia glandular fever and malignancy 
Crrvicol — Thelowet bj chna dOoot (mouthaedrai ed by the submental lymph 
gt nds Theaubisaxillary beneath ihemandiblein the submaxillary triangle dra n th 
face bps nose and gums The eat and anterior acatp are dr ined by the sup rflaal 
cervical The postenor reg on is diamed by the superficial occ pital lymph glands 
The postenor auncular nodes situated n tl e masto d process are an import nt group 
It is well to keep m mind both the auperflcial and the deep groups of cervical lymf hatics 
when a certaming the location of infection The cotamoa causes ol cerv cal lytn 
phadetopalhy are i nsiUitis (gl nda below angle ol jaw involve 1) tooth infection 
(gbnds at ngle ot jaw) sea let f v r measles I bertulosis syphilis and glandular 
fever Th 1 ss common causes are XI dgfcins dsease and roaJignancv 

Itilu nal — The external genitals the lower part of the ahd men and back tl e but 
to Vs J the anus are dr incd by the inguinal grouf ol lymphatic gl nds lying about 
Poupari a Ugamenl wb le the lemeral grouj lying below the saphenous opening dram 
the leg The inguin 1 group may bewme enlarged due to chancre chancroid and 
gonorrhoea Tr p cal diseases ea smg erl rgement are bubon c plague blsriasis 
d matic bubo and sometimes (utaraemia In bubon c plague the femoral gl nds are 
mo e ftenuenUy enta g d th n those aba e Peupaxt s ligament 
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which are practically always absent from baciltaiy dysentery stools are not infrequent 
findings m the amoebae-contammy stook of course these crysUh appear m other 
intestinal parasite infections 

Sprue — The diarrhoeal movements are remarkably copious and soon change from 
bile coloured hquid evacuations to the characteristic putty<olored pultaceous gjj 
bubble permeated offensive stool of ^mie The sprue stool shows an increase m 
fats chiefly fatty acids 

Faget s Sign. — A falling pulse rale with constant temperature or a constant pulse 
rate with a rising temperature This sign is of value in diagnosis of yellow fever 
Fever — Probably the most lehable clinical sign of the existance of a pathological 
condition is a nse m body temperature above normal The results of the introduction 
into the body of bacteria or bacterial toiins are evidenced by fever The relationship 
of fever to orgamsmal invasion is best shown in malaria where the fever corresponds 
to the different types of organisms present in the blood stream Diagnostic data 
obtained from the study of the type of fever present are considered under temperature 
Filariasis — See eosinophilia glands and skin Diagnosis confirmed by finding 
microfilariae in blood or by puncture of the lymphatic lesions 

Gait — The manner or style of walking may give valuable aid in the diagnosis of 
affections of the nervous system especially syphilis yaws diphthena poliomyelitis 
Parkinson s disease and neuritis resulting from alcohol and other poisons There are 
no gaits which can stnctiy speaking be regarded as peculiar to any tropical disease 
Beniert — It is true that henben patients show the steppage gait ol multiple neunW 
as owing to more or less foot-drop and lack of power to extend the tees the patient hits 
his foot high from the ground to avoid scraping the toes and bends to the other side 
It IS as if the man were walking through a mire Also striking is the manner in which 
a case of the paraplegic type of benben uses a stick held by his hands to assist him in 
dragging along his atrophied and enfeebled legs The legs are widely separated and 
the stick placed in front makes the two legs and stick resemble a tripod M ben other 
groups of muscles than the fool extensor ones become involved the gait u that of 
extreme weakness— a shuffling one 

Dengue— I\e often note under dengue the desigaatieti dandyfied gait This 
refers to the stilted minang gait of a dandy and is probably the explanation of the 
derivation of the word dengue The pains about the site of the insertions of muscles 
with the slightest movement make these patients walk m a stiff self-conscious 


i’W/a|ro— In pellagra we may see a gait in which the patient separates 
rather widely and uses a stick in front sbutOing bis feet along with knees slightly bent 
and soles of the feet scarcely raised from the ground Some cases show a typica 
spastic paralytic gait 

Trypanosomiasis —In sleeping sickness there is often a shuffling gilt which is very 
striking Sometimes it is as if one were dragging the feet along from pure muscular 
weakness 

Gemto urmary Organs— Symptoms referable to the gemto unnary organs may 
vaiy greatly in nature from the palhognomoniclymphscrotum of fihariasis to an 
due to undulant fever In puxzling febrile cases m the tropics one should always thinx 
of a possible pyelitis Renal tuberculosis should also be kept w mind 

Ancylostomiasis —In hook worm disease menstruation is markedly interfered wit 
and amenotthoea is often a prominent symptom Young men who have been aStcw 
before puberty show lack 0/ development of pubic iair along with infantile genita 


organs The girls do not show nonnal breast development 

Billareiasis (Schistosomiasis ) — The kidneys may be involved secondarily-— the 
change being brought about by stone in the bladder and cystitis leading to byoro- 
nephrosis and pyelonephritis 

Blackuatcr Fner — In biackwater fever there is usually marled pain in toe region 
of the kidneys due to the plugg ng of the tubules with haemoglobin casts vesica 
tenesmus and pain along the ureters may al 0 be present 

Cholera In thi disease the kidneys are markedly affected especially the epitbejia 

Uning of the tubules though such changes am usually transitory (See p 613 ) 
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Trjfanatemtis i—One «f the tbanctcrulicaof tic disease rcco);nu<d as d agnostic 
more (ban too years a^o is rnlarcemeot of Ibeglaiuls ol tbc posterior cervical triangle 
(\t mterboitoffl s sign) One of tbe most valuable of melbods diagnostic ol irypaaoso* 
Kiasis IS by gland puncture tie juice obUtned therefrom being exami ed in films for 
trypanosomes or inoculated into a monkey or guinea pig Brasilun trypanosomusis 
also shows glandular in olvement 

7iutsuiamu4lit — Tbe glands abichdrain the area in nhicbis located tbe ulcer at tbe 
site of the bite of the Kedani m te show swelling and tenderness 

Tu/j tm a —Tbe asillary glands arc most frequently involved due to tbe greater 
incidence ol inlections on tbe bands. The initial uound may or may not heal belore 
systemic syrnptoms ol disease occur but ibe in Ual wound tends to suppurate at tbe 
onset of the systemic symptoms and tbis sadugo Stic point ol importance Tbereis 
often previous history ol handling or cleaning rabbits Initial lesion later le er ol 
sudden onset folloned by a chdl » cbarscienstic 

lawi — In jaws th/ce may be gbndular eolargemc t Accoid ng to Finucane the 
cervical glands are often invol ed in Fiji children These glands do not tend to break 

Haenutemesis.— Tbe vomiting of blood has to be difierentiated f om haemoptysis 
flaving determ ned tfa t the patient u vomiting blood tbe second step is te determine 
tbe cause Common causes to be cons d red ii) komiiing of suaihued blood from 
{«) bleeding gums (h) cj latatis ( ) h etaoi lysts (a) Diseases el the oesophagus ( 3 ) 
Diseases of the tiomach (a) ukei (h)ca c n ma () irritation from arsenic or ant mony 
( 4 ) OiseaMS el the duodenom <o) Ice (A) caKinoma (r) ulcerations (ff diseases ol 
(ha liver (eirrhosi ) (6) tilood diseases (or purpura (hi sou vy (r) baemophilu (d> 

leukaemia (e) splenic naemia (/) malarul cachetia (s) syphilis ( 7 ) Arienal hyper 
lenaton and nej hntis 18) Tr pical diseases ( 0 ) yellow fever Ih) raaUna (c) cholera 
(d) dengue (e; onyaUi 

CM 0 — lomiung at fni of Che conteais of the stomach and later of nee water 
maletuliiceakedwab bloodisadistressi g feature of cholera Tbevoffliung purging 
eraiaps and painful conirsctures I the legs intense eabaustion and cada ertc appear 
aacc are d agnostic features of bolera 

Dt {ue-—K»n)y the initul symptom is the von ting of blood streaked tnatenal 

ifofj 10 Catitva —This condition may be accompanied by severe haematemesis 
See malaria for diagnosis 

J’ Haifa — Castnc disturbances especuUy gasiralgia pyrosis and eructations may 
be accompanied by the vomiiiag of Mood in peUagta 

SyfSUis isceral syphdis may be a cause of voruting ol blood. 

) llaui Fnt — NauKs and smiting are more common than in other fevers Tbe 
black vomit is one of the most sir king features of the disease Sometimes pure blood 
IS thrown up from tbe stomach 

Haematuria.— The presence of blood in tbe unne c^ls for a careful examination 
of the geniCo unnary syscem Comoioo causes of blood in the unne are renal tuber 
cutosis, hypertension stone in k dney nepfanlis tumor of Ibe kidney and gonorrhoea 
Among tropical diseases that wbicb itnmcdiaiely suggests baematuna is vesical bil 
barz asis due to S iatmaiebiam The Mood in tlie unne is m the form of red cells 
It is a baematuna and not a ha moglobi vna The passage ol bl od usually occurs 
at tbe end of micturition and ic is either in Ibe last fewd ops ol unne or in tbe sediment 
obtai ed after ceninfuging tbat we note tbe terminal spined eggs of i kaemalobium 
which proves the diagnosis. 

Red blood cells in the unne may also be noted ui tbe haematocbyluna of filanal 

hen we ha e bl od in tbe urine in ydlow fever it is a baematuna and comes on 
about tbe same time as the black omit and other haemorrhages resulting f am degen 
eration of the endothelial I nings of the bio d capiUanes wb ch only takes place about 
the third or fourth day of the disea e 

Haematuna may also be noted in plague at the time when the haemorrhages into 
the skin occur 
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Tropical diseases causing general lympfaadenopathy are glanders tularemia 
filariasis undulant fever bubonic plague trypanosomiasis rat bite fever leprosy 
yaws and American leishmaniasis 

American Leishmantasu — Not only is there often enlargement of the lymphatic 
glands but bkewise we may have lymphangitis lines leading from the ulcer to the 
glands The glands may be large and painful and may remain enlarged after the 
recovery of the patient 

American and African Tr^ianBitmtasts may also show lymphatic enlargement 
Enlargement of the thy roid w as formerly repotted but this is now regarded as an mde 
pendent condition 

CUmotic Buho —The onset is gradual often accompanied by a low remittent type of 
fever The primary lesion is sometimes detectable on the prepuce or male genitaha 
The glands are only slightly tender and have sometimes been called fatigue glands as 
they produce a feeling of weariness after even moderate exercise The mguinal glands 
of one or both sides ate the ones mvoKed and the overlying skin does not show the 
redness of a chancroidal or gonorrhoeal bubo There is often a softening in the center 
of the aSected glands 

Den sue — It is often stated that the superficial cervical glands are enlarged in dengue 
but not in dengue like fevers Stitt has not observed in the cases he has seen either 
constant or welt marked glandular enlargements 

Ftlartastf — \8ricose groin glands are frequently associated with lymph scrotum 
thyloeeVe 01 ehylona The glandular masses are soft and doughy The consistency » 
often that of a lipoma The overlying sLia shps over the glandular mass These 
glands are sometimes mistaken for ingumalhemia They do not give a tympanitic note 
and disappear slowly upon firm pressure with the patient lying down but return even 
with the pressure maintained upon assuming the upright position Thereisnoimpul e 
on coughing If a sterile byp<^ernuc needle be inserted into the mass a chylous fluid 
slowly and persistently comes out of the needle drop by drop and this material may show 
filarial embryos Onchtccrca also obstructs the lymphatics and may give rue 

to sw ellings of considerable size along the course of the lymphatics 

lewhnMniJsiz— Kala azac may or may not show eolargement of lymph glands 
Films from excised lymph gbnds may show leisbmania bodies There may be general 
enlargement of the lymphatic gbnds which are rather hard discrete and not bound 
down to the overlying skm Theseglands may be somewhat tender or entirely painless 
Leprosy ~-la leprosy the glands draining involved regions become enbrged but do 
not show a tendency to suppuration The glands most frequently involved are the 
cervical and groin gbnds 

FedtcuJosis —In pediculosis of the hairy scalp the scratching back of the neck may 
result in pus infection with enlargement of the tributary cervical glands 

Plague —The buboes are the most characteristic feature of the more common form 
of plague bubonic plague There may also be sbght enlargement and tenderness of the 
glands in septicaemic and pneumonic pbgue but many such cases fait to show any 
evidence of superficial glandular enlargement In pestis minor the only feature sug 
gestive of plague is the glandular enbrgement Very characteristic of the glandular 
involvement in plague is the marked tenderness of such glands The slight pressure of 
palpation causes some pain and a sharp punch over an affected gland excruciatm pain 
So exquisitely pamful are these buboes that the patient with grom or axillary buboes will 
flex the leg or extend the arm to xebeve pressure In about of cases the bubo is 
located in the groin with 15*" to foraxiUary involvement and g*' to 10% for the 
submaxilJary or cervical region There maybe involvement of both deep and superficial 
glands of a region such buboes giving a large area of induration As a rule there is a 
single bubo The bubo is formed not only by the glands but by a periglandular oedema 
which fuses the glands into a solid mass The buboes tend to suppurate about the 
commencement of the second week so that gland puncture with subsequent culturing 
for plague baciUi and animal inoculation should be carried out before this time as 
nv oeemc organisms may replace the plague baoUi upon suppuration Uking place 
pal Bile Fever —Glandular enlargement in the glands tributary to the healed infect 
mg bite of the rat is characteristic of rat inte fever 
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— In dcDfue we may have an epistans at the time of the cnvis of the 6nt 
febnle paroxysm 

Djse lerj — In dysentery the t^ood-adoixed mucous stools are of diagnostic 
importance 

iHfedwiu Jau d ct — Cpistatis is common Intestinal haemorrhage and haema 
tuna may occur Thed agnosia is made by the finding of spirochaetesby dark field in a 
blood or unoe exam ation or by guinea pig inoculation 
Ltprasy — In leprosy epistaxis may be an early Sign 

i/o/jrio— Epi taxis and aUmentaiy tract haemorrhages are a common finding in 
the recognised baemonbagic form of pernicious malana 

Phi e — Tbe damage to the endothelial bning of capillaries In plague gives nse to 
frequent haemorrhages into the skin 

I err gd — Tbe granulomatous les ons of verruga arc baemorihagic in character 
1 r/Tov Fert — Dunng the asthenic pervxi of tbe d sease which sets m about the 
fourth day wehave as a result of thcdamageio thecndothelialliningof theca] Hanes 
vinous haemorrhages Of these the best known and most dreaded is that from the 
It macb black vomit The bleed ng fr cn tbe gums is apt to appe r before that from 
tbe stomach Not only may bleedi g occu from tbe intestines but from the mucosa 
of the nose conjunctiva or vagina 

Heart InvolvcmeDt— Under heart invol ernent have been included these trop cal 
diseases which affect tbe card ae muscle itself and those which cause a disturbance m the 
rate or rhythm which may be of importance in diagnosis treatment or prognosi 
A <yla lamu > —Hookworm ana nua may causeearly and marked cardiaeipalpita 
tioo Tbe pulse rate often a erages about no and the blood pressure is lew There is 
often some right side dilatation of the heart 

£(>ileri —Almost at important 10 diagnosis as the weakness of tbe legs with 
a sesthetje and eedemtteus sreis is the early palpit uonoftbehrattupoBthealightest 
exertion I ater on as the agat degener tion bMomes more promine I there is a loss 
f the normal card ac rhythm to even become embr>ocar Lai together with dilatat on 
of the nght heart pulssti g jugut rs and various blowing murmurs which etc propa 
gated into the vessels of the neck The pulse is weak and rapid and this corabinat on 
of a tumultuous h art action and weak puls* >s striking Blood pressure is below 
normal 

In acute per 1 ous b nberi pulmo ary congestio tnd 0 dema are often associated 
with the cute and s verc heart inaniftsialions The diaphragm may become para 
lyzed in benben Some auth rs refe to the d> pnoea f benben as tbe benbenc 
c rset 

Tatd ac 1 volvemcnt is also a feature of ship benben a well as of infantile benben 
In tbe latter a marked hypertrophy of the ngbt heart is characteristic 

BlaciitaUr Fn —A rapid weak and low tens on pulse 11 the common find ng m 
bl ckwater (ever 

ChoU a — I cholera the pulse is rapid and feeble dunng the stage of evacuation 
and with the o set of the algid stage we practically find cessation of the circulation 
Tbe systolic pressu e may fall at low as 6s oc 70 nun 

Dys I ry—Ja bacillary dysentery tbe tendency to an increase m pulse rate may 
be of some a1 e in differentiating it from amoebic dysentery 

//falSlraie — C tdiac tet ny may simulate a gnapectons The pain is excruciat 
mg and may produc sudden death 

Lap aty — A rapid pulse especially in the morning is thought to be a feature of 
active lep sy 

Mai 1 — Malaria ge erally pves a small r p d h gh tension pulse in the cold 
St ge to b come f 11 and boundi g m tb hot s' ge A card c type ot pern cos 
malanalfe er ha beendesenbed particularly by the French 

Fhfu —In th s d scare there is a striking tone action on the bean muscle so that 
there is often a soft d erotic pulse rapid from the first and soon becoimng thready 
Patients with plague may die from card c failure upon getting up from bed 

Trypaaasan wjii — African trypanosonu sis sb «s a raj id pulse rate whether the 
patient has fever oc not In lira iban trypanosomiasis the parasites may te d to invade 
the cells of the heart muscle thus p oducusg manifestations of myocardial disease Tbe 
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Haemoglobmuria —The presence of haemoglobin in the unne occasionilly occurs 
following extensive burns poison from aiuke venom administration of foreign sera 
or— most commonly — syphilis The vast majonty of cases of true tropical haemo- 
giobinuna however are due either to bbcknater fever or to the administration ot tbe 
acid salts of quinine to one predisposed to quinine haemoglobinuna While it must 
be admitted that haemoglobinuna may lesolt from quinine it i. certainly so rare lo 
subtropical countries where great amounts of quinine are administered in trestment 
of malaria as to be unimportant It u only where the malignant terPan parasite 
flourishes that we have the question of the importance of quinine m produan haemo 
giobinuna brought up Certain persons have isohaemolysins in their blood which 
dissolve the red cells of other persons and in paroxysmal haemoglobinuna autohaemoly 
sins may be present which can destroy the patient s own red cells This autohaemoly 
SIS seems operative only when a low temperature is followed by a high one When 
haemoglobinaemia exists the Lver converts it into bile pigment causing bilious stools 
and jaundice If one sixth of the red cells are destroyed haemoglobinuna results. 

Bhektiater Fntr — The dark porter-colored unne of blackwater is diagnostic even 
to the patient The urinary sediment consists of granular debns with occasional 
haematoidm crystals Albuminutu tuns parallel with the haemoglobinuna Pain 
in the loins probably from the plugging of the renal tubules by tbe delntus of ted 
cell destruction is a feature of blackwater fever In blackw ater fever we have the early 
appearance even in a few houts in a patient who » mitVedly asthenic and misetihle 
of jaundice porter-colored urine and albunununa 

faret)mal //armagfoBinuriij — ffaemoglobmuna due to syphilitic inlection This 
condition IS characterized by haemoglobinaemia haemoglobinuna fever enlargement of 
spleen and positive Wassertnann (po®') Chilling seems to be the essential factor for 
haemolysis tn paroxysmal haemoglohinuna The haemolyin is peculiar la that it will 
combine with the cells only at a low temperature It has been suggested that there 
must be some constitutional individual pecubarity necessary to bring about the 
condition as well as syphilis laroiysmal haemoglobmuria of the nocturoal type is 
discussed on pp 149 and igSy 

Raemoptysis —The spitting of blood is generally caused by disease of the lungs 
bronchi trachea or larvux The detetounation of lit source of the blood may at times 
bediflicult In haemoptysis tbe blood 1$ generally frothy mixed with sputum alkaline 
IS reaction and cough a present The most common causes 0/ haemopiysi are tubereu 
losis and mitral stenosis However paragonimiasis must be considered especially in 
endemic areas 

ffirudiRiaiu — In Northern Afnea as well as in many islands of the Orient the 
dnnVing water of ponds may contain letches and these water leeches tend to atta h 
themselves to the pbarvngeal mucosa They mav also attach themselves to the tissues 
about the larynx In these cases we not only have cough andhaemoptysis but dyspnoea 
from laryngeal oedema It is probable that cases of dyspnoea called halaoun and due 

to the attachment in the region of the larjrnxoC flukes (Fa triofa hepalica) as tbe result 
of eating taw liver may sometinics be due to leeches as the two aflections occur in tne 
same regions 

Poratontmiastt — Infection with PorugoBimut nngeri is popularly known as enaetni 
haemoptysis for the reason that after violent exertion or at times without rnanifest 

reason attacks of haemoptysis come on The diagnosis is made by finding tbe opercu 

kted eggs in the sputum 

Haemorrhage —The e cape of blood from the vessels may be evident by epistaiis 
haematuria haemoptysis baematemesis or other sources , 

Ancyloshmtasis ~Thete is a question to what extent the hookworms abstract bfooc 
from the intestines although tests for occult blood are deemed important by some 
authorities m the dugnosis of this disease 

Btrtberi —Some consider ship benben may be of the nature of scurvy in which case 
one should have in imnd spongy bleeding gums and tbe intramuscular haemorrhages 0 

* ^ Bdhar iaJiJ~In vesical and rectal bilharziasis the perforation ot the teraimal 
branches of the portal vem by the terminal or lateral spined eggs frequently gives rise to 
haemorrhages 
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It tr is oittit attended with a wtanntss from suQenng with the various joint and 
Btrve paiDS so that insomnia u alien marked Even in trypanosoaiatis insomnia 
may be present at first Insomnia uabnoneol the early neurasthenic manifestations 
ofpeilasra 

Intestinal Tract— It is usual to consider eonstipatioo as a el meal feature of such 
diseases as plague yellow lever htalta (ever benben and tsuttugamushi as well as 
typhus fever Abdominal pains are most often connected with dysenteric condit ons 
and It IS customary to state that the greater the tornuna or inteslmal griping the 
nearer is the dysenteric process to the caecum In cholera the cramping of the abdom 
mat muscles may follow that of the call musdrs In sprue we may have a doughy 
sensation on palpating the abdomen due to tbc fermenting contents of the intestine 
In the algid type of pernicious malana the abdominal griping may be severe Tenesmus 
IS the condil on which along with t tml a is encountered in some forms of dysentery 
In rectal schistosomiasis the ihickecungs a d blood extravasations resulting from the 
eggs extrud d by the fluke may give nse to prolapse of tbc rectum This may also 
occur ID severe bacillary dysentery and in a disease of Bnlish Guiana and \enesueb 
known as epidemic gangrenous reciitis prolapse and gangrene of the rectum may occur 
The sympt ms are those of gangrenous dysentery 

Jaundice — The retention of strum blitubin producing yellowish or greenish 
yellow discoloration of tht skin is ooe ol the most sinking symptoms in cl meal mcdi 
One A skin p gm ntation n e due to the aecumulaiion of b lirubm is not Jaundice 
and other causes must be sought for s ch as Addison s disease diabetic bronaing 
and caret remu This ddlerenlution by the van den Bergb test should be one of 
the first diagnost c steps t ken when considenng jaundice or skin pigmentations 
U It H found that the discoloration is d e (0 retention of serum bilirubin one may by 
the tame teat aaceriam the type of jaundice present J und ce fr m a clinical stand 
point may be classified as (1) Obstrucii e (a) Itaemoljtie (y) Totie and infective 
(MeVee) 

iDobstructivejaundicethe eaci on isalwayaimcntdaieand direct andmbaemolyt 
1C jaundice the re ction is a delayed direct one wiib a positive indirect reaction above 
normal The toxic and infective type of jauod ce occupies an intermediate position 
but usually givi g 4 direct reaction Tbe recovery ol a large quantity of bile from 
duodenal iiphonage is in heal e of haemolytic jaund ce 

In obstructive jaundice there la a dtfi ile renal threshold and if the serum bilirubin 
reaches a b gher concentration than a mg pet loo cc ol blood btUrubm appears in 
tbe unne The kidneys are impci ous to tbe s rum bihrub n of haemolytic jaundice 
and no matter how high th concentration no bbtubn appears m the unne but 
urobilin appeara 1 stead This c plains the acholic uiobihn icterus of pre van den 
Bergb days rhere may be a d fkirncy of vntamin k 

Haemolytic ] undice — Serum bibiubin due to excessive red blood cell destruction 
may occur in (i) Malana (a) B 1 ckwatcr fever (3) Pa oaysmal hacmoglobmunc 
fever (4) Acquit d and hereditary haeciwIyUc jau d ce (5) Pois ning by snake 
venom (6) 1 terus neonatorum (7) Transfusion with incompatible Wood (8) Pet 
Dici sataemia fg) Retap ng fever 

Tox c nd infective j und ce 1$ tbe most common type and occurs m ( ) Toxic 
following chloroform arsen c and carbon telrachlonde poisoning (a) As a comp! cation 
of acute infectious d seascs such as yellow fever \\eilsdsease syphilis pneumonia 
septicaemia and acute inflammation ol the bile ducts 

D ckens (Naval Medical School) wo king with the bromsulpblbale a test observed 
that in maligna cy of the Ii r tbe e was a relatively low dye retention tbe average 
being J7 yer at the end of 30 minutes This be explains by tbe fact that malignancy 
m y invol eonlyapottio of the liver (issue and its i trahepaiic duct system Uavi g 
tbe remai der fte to excrete tbe dye Ife believes that this would explain tbe seem 
i gly paradoxical d ect — immedi levande Bergh m such cas s This author bel eves 
this finding is of gr at diflere lial d agnostic value The autopsy findings 10 tbe cases 
yported would seem to supp rt tb s view He also advises the siphonage of the duo 
denum f flowing the intra nous administnt on of tbe dye If dye is recovered 
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parasite (Schitotrypamm (m 1) may ■!» affect the adrenals causing a low blood 
pressure along with other signs of Addison s disease 

Typhus fntr is a disease which lends markedlv to affect the heart Along with 
faint heart sounds there is a rapid low tension pulse 

I (litre Ferrr —In yellow fever we base at first a high blood pressure The pulse 
rate w hich at first corresponds with the nse of temperature soon shows Faget s sign— 
a falling pulse with a constant tempcratureor a Constant pulse w ith a nsing temperature. 
It is a markedly slow pulse after the third day The blood pressure is low m the asthenic 
stage 

Heat Effects of —Smith F F believes that heat stroke is a thermo-regulatory 
decompensation resulting from an imbabnce ©f complex physical and physiological 
factors following exposure to heat Vasomotor collapse may occur with resullanl 
prostration without hyperpyrexia or the attack may sthenic in type with hyper 
pyrexia and grave prognosis unless prompt therapy is instituted Tetany may occur 
in either type and involves cardiac and flam muscle as well as voluntary muscle 
Miners and fireman s cramps are nanifcstationsof tetany of voluntary muscle Smith 
emphasises the importance of tetany of the plain muscle of the intestine as a factor 
inhibiting water assimilation and the sudden death of sun stroke is attributed to cardiac 
tetany The usual post mortem findings are generalised vascular congestion and 
petechial haemorrhages accelerated decomposition bactenal invasion patenchy 
matous degeneration and ngidly contracted left veninrfe pylorus and colon This 
spasticity does not persist long after death Coogejiion oedema and haenorrhagie 
effusion occur in the lungs and may be of extreme seventy I xposute to beat is the 
primary etiological factor causing ihertao regulatory failure Contributory faeton 
include insufficient water intake associated tneidental pathological processes ind 
especially alcoholism Dehydration loss of cblondes and an uncompensated acidosis 
du to accelerated metabolism and decreased respiratory exchange result Sudden 
death IS attributed to tetany of the heart Fatal cases that escape this haurd die 
from a variety ol causes the cause in any particular case depending upon a generalised 
physiological disorganisation and inherent weakness m the particular individual 

Herpes Libialis — bmill clusters of vesicles on the bp commonly called fever blisters 
are s common finding in malaru (40%) pneumonii (40*^) and cerebrospinal fever 
(30%) 

Hookworm Disease —See anaemia 

Hypertension — Arterial hypertension increases with age The more comoos 
causes of hypertension are nephritis arteriosclerosis syphilis goiter toxaemia of 
pregnancy and the menopause Cerebral haemorrhage and tumor should be considered 

Hypotension —A low systolic Wood pressure w common in cholera reaching 1 
low limit of 60-70 mm llg Tuberculosis and e pecially Addison s disease also give 
low readings 

Indicanuna.— In sprue and pellagra we have a rather marked inerea e m indican 
It IS probable that many cases of vague manifestations of neurasthenia with loss of 
physical and mental energy are connected with autointoxication rather than tropical 
heat or intestinal parasites 

Infectious Jaundice —Sudden onset with chill headache intense injection of the 
eyes vomiting and muscular pain Jaundice o«urs on 3rd or 4lh day Fever falls by 
lysis after 3 or 4 days rollowing a few days of moderate fever a second rise 
Rapid pulse and clouded consciousness help differentiate yellow fever fhe b'ooo 
and unne should he examined microscopically for I eplospira and guinea pigs shouM 
be inoculated vvith the patient s Wood 

Insomnia — Sleeplessness or at any rate a condition where the patient only dote* 
IS often seen in dengue This mental alertness and wakefulness may also be noted in 
vellow fever In malaria pos ibly connected with quinine administration we msy 
have marked insomnia although cases have been reported of insomnia due to maiana 
which has been relieved by quinine Just as cardiac decompensation from any cause 
will be attended by a distressing msoninia so is this also a feature of benben where 
cardiac involvement is marked Livee abscess may be attended witb insomnia 3i*<“ 
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n < Dtsiase —Much mter«l «uaionsedm Weil t di ea e or epidenuc jiundict 
on account of the lre(]uenev ol lie di ease in soldiers in the Balkan campaisn and the 
outbreaks of il in central and parts of nonbern f otope and Fngland a dils occurrence 
in the tnitcd States A spirocbaeie teas shown bjr Inada and others to be tbe cause 
Hove er some workers reported tbe isrlati n of paratyphoid B organisms from the 
blood of such cases Frugoni obtained nltutes of this organism from the duodenal 
fimdol II cases from 48 cases miesi gated The accei ted cause of true Weil s di ease 
IS Ijflospira uterokainat Autme 'ne jaundice begins about the third day of an 
iitegulai fe er L ke jellow feser these cases ahow injection ol the conjunctivae and 
slbummuna Tbe cases however usually show a leucocytosis and enlarged spleen 

1 eflaie Fftff — \ ety important is the fact that the jaundice 0! yellow lever does not 
appear unt Hate about the third ot fourth day Wlien jaundice appears earlier as by 
the second day the prognosis is almost surety a fatal one The icterus is more marked 
about the face neck and upper parts ot the trunk Tbe albuminuria precedes the 
jaundee Therearecaseswhichsuccumbwith utha ing shown jaundice but immedi 
atelyfoll wingdeaththeyellowishdncolor 1100 has been noted At autopsy the yellow 
fever cadaver is almost invartahly deeply jaund ced 

Joint Involvement, Oia^otiie Sicoiflctnce of —In cna Wenng the diagnostic signih 
cance ot joint manifestat ons ot tropical diseases it is esstnial tl at the practitioner in 
the tropi s bear in nind the cosmopobtan anbropathies It should be remembered 
that lesions of j inis may accompany ot follow almost all inlectioui dis ases and that 
itueft<nimpossbletQ 4 Scertain (tbriesi nsbeduei ih actual presence of organisms 
within the joint or to the action of lose substances elaborated elsewhere so that 
uifeetioui irtbntis is broadly dehnei s oa ng from the presence within the body of a 
focus of infection Tbis dcfitiitiett is fuilher eapandrd to include joint aOections of 
intestinal origin and also those in which neither the eausal otginism nor its locus of 
ongi IS discoverable but which by analogy we urheiitatingly recogmie is being due to 
an infective agent It is to be noted ibat the lesions t artbr tia may develop either in 
the intra atuculat membranes ot ut the bony parts adjacent to a joint and ti t they 
may emim confined to ibeit primary tit 0 eventually eitend to nvolve other t ssuea 
See muscle Involvement and pain in booes 

IvftCTIODS AETUSms 

A Of known etiology 

May beat teorchronic I aamplesaTegononboea typloid tuberculosis baallary 
dysentery pneumonococcus infect ons pyogene cocci hUnasis 8Itlta fever secondary 
to any recognued focus 

fi Of unknown eti logy 

May be acute tchronc Taamples are acute articular rheutnalism rheimal id 
arthritis four types beginning with acute symptoms one type having ms dious on^ct 
and possibly hypertrophic arthritis Tlies* several forms may be due to unilentihed 
foci often situated m the aamentary tract or may represent allergic phenomena second 
ary to bacterial o other lorm ol sens Uzation 

NoM’ertenoos kETaams 

A Trautnatie 

1 Acute due t known traumatism 

3 Chronc generallystatic nonpn orduetoebro icstramonmUtioo Possib'y 
includes lUous srlhrit s of tbe kne and hypertrophic aithm s m the young 

B Trophic 

I Metabolic tiaroples are gout psonass and possibly hypertrophe arlhtilis 

t Senile 
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from the duodenum by this procedure the common duct 15 patent fie bebevo tlus 
of considerable differential diagnostic salue 10 distinguishing mtrahepatic obstruction 
from ejlra hepatic obstruction 0! the bile passages 

Arsenic /’oirdninf— Jaundice is a chanclenstic symptom of acute or so caSed 
delayed arsenical poisoatng The appearance at this tymptoea is s eoalesm^iestm 
to tbe continuance of arsenical medication 

Bilious BemlUttl Fner —Tbe jaundice appears rather earlier than that of yellow 
fever but is rarely seen on the first day of tbe paroxysm as with blaekwater fever 
Of great diagnostic value is tbe early appearance of bile-colored unne as diffeitat 
horn the hacesioghhtn tinged unne ol Wacbnatcr The albuminous urine of yeih» 
fever is not apt to show any bile coloring in the first three or four days of tbe disease 
riact^aier Ferer — In a typical case of this disease ne have within a few boun a 
marked jaundice which tends to deepen It is usually more or less marked according 
as tbe haemoglobinuna may be It does not show tbe tendency to persist as does the 
jaundice at yellow fever 

The van den Cergb test is at valuein differential diagnosis In blaekwater fever it tf 
delayed (indirect) indicating haemolylu. jaundice In Spirochaetal jaundice tbe 

van den rerghgivesanimmediatereaction with marked increase lo color by tbe indirect 

reaction probably indicating infective jaundi e 

Corion Ttlraehloniit poisoHing —In poisoning following carbon tetrachfonde jtun 
dice generally occurs on the second day following its administration Tbe jaundice 
may be a most steilung symptom and again we may have toxicity without jaundice 
Jsmson Minot and Robbins state that jaundice nay or may not be arpntetit but in 
their experience the cause of the intoxication is best indicated by tbe van den Pergb 
test Calcium chfonde or ammonium cblonde has a marked effect in controliing tbe 
symptoms 

Corolinatptia —Tbe pretence of a carotiooid pigment in the blood gives a striking 
resemblance to jaundice however the scletae ate not tinted Tbe definite reeognibon 
laby the vaaden ffergh test asincarotmaemia thebibrubin m the blood is norm d "he 
icterus index wiU howev er measure tbe degree of caroliDaenua 

Ctrrhosn —In those liver cirrhoses associated wiih Katayama disease and kels wt 
there is no typical jaundice , 

IltpaUhs —in tropical hepatitis or eongestioii of the fiver or as it is often termea 
tropical bver there is rarely a distinct jaundice and if such occurs it is only temponry 
Such terms as earthy muddy sallow subKtenc or pale lemon tint are more often 
appbed than jaundice 

Liser ahscess rarely gives nsetoa definite jaundice unless the abscess be so situated as 
to cause pressure on tbe bile ducts 

iwer Fluht —In clonorcbiasis or the bver fluke disease of man jaundice is not a 
feature of tbe disease except in tbe verjr bte stages 

Malaria — The jaundice in this disease is haemolytic in origin and the serum bwtuo-n 
parallels the destruction of the red blood cells TTiere is an increase m tbe serum b u 
rubin following each chill and this is 0/ differential dugnostic importance See maiana 
for laboratory diagnosis 

Pernicious Anaema — The skin pigmentation so characteristic of this disease is 
accompanied by bilirubinaetnia The diagnosis of pernicious anaemia is hardiy 
without a direct-delayed and indirect quantitative van den Bergh above normal 


permuous anaemia lor diagnosis . 

Pelapstni Fever — There is a clinical type of relipsing fever associated with jaanoi 
and a high death rate which was first described bjrCnesinger from Egypt Thtsicfcnc 
type IS not infrequent in Asia This jaundice is late and the disease moch lesemows 
yellow fever Tbe enlarged painful spleen and the f nding of spirochaetes in the ptwpl' 
etal circulation are essential to differenoation < . le 

SiCkltteU Anoetfiia —Jaundice and anaemia are marked Ulcers on shm iniaoui 
sexual development and tbe finding at atsceat shaped red bhod cells 

SMIed Fc.er of the Rocky Moutitaiiis — In severe cases of sjiotted fever of theKMxy 
Mountains we may have a generaliaed jaundice Rarely cases of typhus fever may sho 


jjundive 
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bke course vilh sudden and painful sneDing «f various joints hip shoulder ankle or 
costo \ertebral articulations if occutnng id an endenuc area of Malta fever would 
at once make one suspect this disease Tjrphoid does not gi e painful joints dengue 
IS not accompanied by joint swelb g while gonotTboeal polyarthritis wiU be accom 
paoied by other evidence of gononh eal infection The neuralgias saaticas and 
painful joints together with the sweats wbKb exhaust the sufferer from Malta fever 
often tempt both patient and physictao to resort to narcoUcs Rogers found acute or 
subacute eOus on into one or more joints was present in at least 4oe« of eases of Malta 
fever The Malta fe er joint is not red whKb fact taken with its evanescent char 
actet differentiates it from the arlhntis of acute rheumatic fever 

1 dicr— This disease may cause bone joint and muscle lesions similar to those of 
syphilis From the mother lesion to the te tiary framboe loma the course and symp 
lomsof the two d eases may be similar Thuswem y base the flying painsand osteo 
copic pains of the early days of infection and as later events chronic synovitis 
fr mboesial infhralion of perisyoovial membra es framboesisl infittritioQ of synovial 
membranes chondro arlbnlis epipbysitis and chronic framboesial periostitis These 
pathological processes cause such co d tions as we know under the names dactylitis 
saber sbin mul lati g oro rhino palato | h ryngeal ulcerations I arrot s nodes and 
craniotabes The uncompl cated frambonioma may somet mes resemble the gumma 
Certainly the later effects of bore and j int destniciion and scarring are wonderfully 
I ke some of the middle age f uropean descriptions when lues was in flower In 
framboesial d sease the damage fr m bone destruction or from contracture following 
cicatna t n may be so c mj lete as to render seless a h ger a hand one of the large 
joints or even a « bole eitremity 
Eaia aur —See le shmanusis 

Keraadel t Sige —Deep byperaestbesia accompanied by pam often retarded 
alter eome slight blow upon a bony proj cuon of the body is eharaetenstie of 
Irj'paiiosemusu 

Lachrymal Obstructioa.— LUioU notes the extreme frequency of this condition in 
India a d states that in ibe if d s Ophthalmic Hospital 5 operations for eicmon 
ol 0 e or both lachrymal sacs were performed 

Ltiahstioiasia.— Under this be d ng four diseases m y be grouped Mscetal leish 
mantasis of sdults or kala ta inlaniile kala as r cutaneous leishmaniasis or Oriental 
sore and American I ishmanusis Uiagnos s of visceral le shtnaniasis ( ) Double riae 
of temperature in tv enty four b r period (a) Splenic enlaigement (3) Marked 
leucopema (4) An emia (5) UemonstratMO of Lriihmaii t by blood examination 
or splenic puncture See p ajj 

On I I Sa —This condit on must be diOere tialed ftom syphilis The finding 
of Le shman a is d guo tic Oriental sore is often accompanied by fever The ulcer 

Leprosy — Leprosy is d ided into two well s parated cbn cal types (1) Nodular 
or skm leprosy which is charactenccd by granalomat us proliferation of conum and 
lymphatic glands This form sbows nodular infiltration chiefly about the ears nose 
eyebrows and the extensor surface of the for arms <jJ Nerve or maculo anaesthetic 
leprosy which is cbaracteri cd by ner e Ibickening Cat anaesthetic spots chiefly on 
CO ered regions of body and muscul r palsies aod trophies ^\hen the two types are 
assocuted we have mixed lept y 

Leucocytosis —It is to an increase in the polymorph nude rs that this term is 
usually applied the term lymphocytosis or eosinoph I a being employed where white 
cells of lymphocyte or e nophile n tu e are mere ted \\ e have physiological Icuco 
cytos s ID the later weeks of pteg cy also 1 the new born and in conn clion with 
digestion Toxaemic conditio 3 as utaemi diabetic coma and poisoning by CO 
lead to show a leuc j'tosif 

Bra Absc S3 — Th leucocytes rarely e ceed 13000 in hr n abscess 
Endo dlls— Am rked leucocytosis is of dapiosUe importance in acute ulcerative 
endocarditis provid d it is not fulminant in typt In subacute e docarditis there is 
usu Uy lyamod ate increase in the number of leucocytes 

£ y petal — This condition is geoerally accompamed by a leucocytosis of from 
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C Blood dysctusiii m baemophiba atueuiisti and scurvy 
D Tosic as kid poisoning 

Tbe diseases of more pecuJfsr tmjMftaDce for the tropics in which ^omt jnvotveinMit 
must be coasidered in tb« diagnous »« the loKowing 

£a<i(tary Dysmttry —As far back as the sjth century (Sydenham) it rrai noted that 
joint paiM 01 actual atthntidet «.«« ocostonal complications pf dysentery We now 
know that the bacteml tj^xs ol dysenfery are those most likely to jbow joint rtinplia 
liOBS Because the joint fluid «t these lesums 1$ trsualfy stenJe rt is assumed tiist 
they are the effect of totsns <or a toxin) prodiKcd by the dysentery baaltus Of tb* 
two hypothetical toxins of the dysenieiy baciUua one is Supposed to produce neunta 
and joint coniphcations \rlhr1t1dc9 are more common in some epidemics than in 
others and with cerlajs strains of hacilb than viiih othen The Shiga strain « tir 
»orst offender in this regard Martson reported 37% of joint jnvoivement w one 
epidemic 

CUnsciHy dysenteric arthritis >a mote apt to aflett one of the larger jomw tbe 
knee ankle and hip being most alTe ted TTie elbow wrist or shoulder joint may be 
affected though this is unusual The pain and sneUing may he an incident at tbe 
earJy part of the atijck Usually it cooKa on Kfcen the acute aymptomi are abating 
or as a sequel The joint w disteflded with effusion and (his involves tbc bgament* 
around the joint Cuen an artbrxistn the course o( a frank dysentery there is nothing 
It could ordmanjy be confused with It u well to remem^r however that patients 
with dysentery may have also a concurrent gonorrhoea or arlbtiiis from some iocs! 
infection ^ he dyseBteme rheumalisw ortioanJy complete!/ subsides with the cure of 
thecohtis In hepaticabsccss fotlow'ing amoebic cotitispam of some type is eltw^ueef 
symptom Rbeumsde hke paint and swelling of the hands occur rarely rapidly 
diaappearmg when the abscess is evacuated 

OeutiK •o-Sporadte dengue is difficuit lodiagnose Is an epidemic tbe charaetenstie 
pain referable m leodinoas jnaerttons about joints are present in »t lean jo^ of cases 
and U of geeat diagnostic value There u no aaeUmg ef the joints aJifcwgli tbeluJ 
gescence of the skrti over (hem may give the itopfession of an archrstia The iiiteAiity 
of pata vanes from a feeling of muscular soreness to eicruaalmg pain when RiUffilct^ 
joitits are actively raoved Tassivc movement « not usually painful In addiiion 
the rachiatgia bone and joint pains some wntera have described swelling of the joints 
T^ij last in Stitt a etpenence is unusuat Joint pams areso characCtriatic that they dis 
tinguish dengue from all other eruptive feiers 

Joint pain* during convatescer.ee may produce sliffoes* aod eopf^ing e*n!Woing 
for many weeks aft« the cessation of fever 

FiloriauJ— -Mailfand and Nfanson Bafar have noted s aynovitii which h appatenfly 
a complication of filsnasis Tbe latter has found a fibroiic ankylosis often to follow 
such a joint condition The synowrti* may be followed by put formation with serious 
or fatal oateomr 

Guinea flem Jitsaase — Rarely the femafe Draeuncitluf may pe/ietraJe * jo'nt 
and cause ajTwvrtis or artintis 

tepnsy — OccaswnaBy tfcere » joint involvement especially of the wnst and ankfe 
jflioia in w hich «oiwn of t^ cartilage awl bone dislocation occur s'vmg uS a condition 
similar to the Charcot joint It will be remembered that the Charcot joint is most 
often sren in tabes and may give one of the greatest joint iweUinga As a rule only one 
joint ufoaWy kii» w hip » v» lakes end iht aSKlion » j-vaVs* 

Tlte progress way be acute aubacute or cbnsic Synegomyeiis a disease which may 
be confused with leprosy tnsy at a show jmnt javolvemcnt ususiSy of the upper 

Fwrr — Bone muscle and jiwrt pami are practicalfy always present w 
this d)se35^ In addition rachiatgia aitd headache are prosunent symptont and tlx 
aebrnggnavving paiBSWiomaornapei^Becfcmavmake one think of beginmogsinaUpo* 
deague or i^ow fever There is no swefiing iff the joints in relapsing fever As la 
deasue th« pains ja tbe neighboxbood of the j«uts may be quite peroisteat 

Cfndufoar f rtef — This wfeetwa otfea x good example of a disease la which joint 
symptotfiatology « of diagnostic sod (hcnpeutrc imporraaoe A proloaged ty^aoia 
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ift ilrs — \ leucoptnia iMth a coitkcid nt nutittd inctfis* in the lytnphoc>tes is 
charjcterisi c ol measles »nil occurs »e eral djL>ibelo« the KopliV spots appear The 
leucopenia ani lymphocyte mere se in meades ate important po nts m diflerentiating 
It (rom scarlatina 

Papfjlot* Fettr — Leucopema ot 4000 to jooo leucocytes is often present from the 
onset of feNer and extends well into convatrscence 

rrmitio s Ana PI a — The aplastic type shows a marked Icucopeiia 
Pa so int h Alcohol end Arstn e — Chronic alcoholism and chronic arsenic poisoning 
cause a re luction in the number ol the «h I cells 

Tyfho d — rhe Ic coi enia ot tyihoid » Buder te and 1 often preceded m the f rst 
few days by a moderate neitrophileleuc cytosis I'aier on we have a decided increase 
in the lymphocytes A marked diminut on or absence of eosmophiles is so characteristic 
that any increase in eosmoph he pccce tage negati es a d agnosis of typh id Para 
typhoid gi cs a similar blood pictuie 

\ ruy If atm nt t nds to destroy leucocytes in the exy osed region especially poly 
morphonu clears The small lymph cytes te I ast affected 

laser Enlargement of —It is well ftst to outi nc the ui per edge of Uver dullness by 
percussion il it teaches much aho e the y\h nght inttrsj ate in rmdclavicular hne and 
the 7ih inter pace in the right midaxillaty lin it may be said to be enlarged upward 
Th s IS an imports t di gnostic |>o nt because the up ard xtension of b er dullness is 
rate and generally laems U er abscess hyd tid cyst ot a lubdaphragmalic abscess 
Thel wet border of the li er may usually be palpated in health at a firm snio tb organ 
nsi gandd scending with the respirat ry mov ment of (he chc 1 1 nlargement of tie 

li er IS usually downward Three common causes ol enlargen ent ol the li ei trt 
card ae failure ciithotis and svf bibs 

In the tromet one should keep in oiiodio adJ iion to the above (t) Abseesa ol the 
I ver (more commonly found in the right lobe) (>) Troincal li er (^ Malaria (4) 
Kelapti g fever I5) Kela saar (U) Wcila d se se (?) Trypanosomiasis (S) 
^tslig ancy of the fiver ( ot uncommon) fbe lest rommon causes ire spl nie anae 
Bua II dgkin s disease arsenic poisoning curb n teir chf n le po soning leuka mi 
eholsng tis smyloid disease f the I vet d fatty 1 hftrat n and degenerat on 

Aofii a a —In kala aui the b er does not begin to enl rgt until after i^ut three 
months from the t me f onset at which lime the pleen will be quite large Decided 
cnlareetaent is generally noted by the aitth month hala uar palientt are often 
earned off by a tenninal pneumonia piobalby connected with the icucopcnia and 
marked diminution of polymorphonucl ats 

/ Iter Ahst IS — In liver abscess the enlargement is a r tber Ute feature a d the 
condition should be d agno ed bctoie we have the as ista ce of p otruding nbs and 
distention ot the inter ostal spaces \s the abscess is usually located in the upp r 
portion of th nght lobe the enl rgement is a ually <11 wards 1 d is best made out with 
the X ray ho ving the cupola like projecti n 

^ypl U — In the t opus one mx t always keep in mind the possiblity of a Uver 
enlargement being d e to syphibs 

T apical Liter — Th re » only a slight enlargeinent in the ord nary case of tropical 
b er but m some cas s it may extend 3 or 4 fingers breadth b low the costal cart lages 
ot r rely to the umbil cus 

Llvet Pam in. — Tbe most common cause ot pair ful Uver is cardiac failure 
t«f/b es —In II er absces there a e paintul dragging sensations and at times 
with abscess of the upper ight I be pa n i le i d to tbe r gbt si oulder Tl ete is a 
marked tendency to sj 1 nt the It er as sb wn by the costal b eathi g and moderate 
r gidity ot tl e right rectus The pali nt tends to he on h s back as shifting to either 
sde specially tie left caisespam Thelegsated wnuptn tUeve te sion Anv 
lolting of thel ve la palpation is usually c quisitely panful Whenacti esuppuaUon 
IS going On m the Uver the p i maybe I n acute throbbing character Wtbabscess 
t th left lobe the pains m y suggest g sine dis a$« while with an abscess of the con 
cave surf ce of the liver the e may b rel ned pa n in the appendix region 

tiiaacy in the Tropics— Van Lo having examined over 00 cases from among 
1100 lasa e p t eats in J va (ounl the most common types of me tal di ease to be 
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Liter Abscest ■“•Rogtrs tf polled Chstfalocr abscess witba leucocytasis*? sjototo 
200^ ■ne nave only about s to 77*i of pol>raorphonucIears— tiiew benj sl^o a 
KiotSeMlc increase in the percentage of large mononuclears 

ifo/»gHa«ey — Tbe Wood o! ca e$ With aubgnant tumo« t nds to sIiob’ a moiJerate 
leucncytosis eatept m epithelioma 0/ (he shin Uhen 4 cancer w ulceratipg a 
high white count may be obtained 

Itemniilis — With rreningitis counts of ayoooare not imusual Epidemic cerebro- 
spinal meningitis also gives a leuioc) tosis of from 15 000 tn to 000 

RJague — -W e usually have a marked leucoCyto is due to a great increase in the pcly 
morphonuclears The white count may exceed jocco Just as seplicaenut pUgue 
may so overwhelm the organism that n does not respond with fever so may tie ieti 
cocytosis be absent Bubonic and pneumonic plague tend to become eptueanc 
so that in such types of the disease we may often obtain s definite diagnosis from Hood 
cultures while in bubonic plague a nucroscopiCatpreparauon or culture from the hubois 
usuaily diagnostic 

i’fleiimonia, Lobar —la this disease we have a Jeu oeyiosir of 0000 to joooo or 
higher The epsmopAiles ate almost absent A normal leucocyte count makes the 
prognosis unfavorable 

The leucocyte count drops about the time of the cris » and with the reappearance 
of eosiiiophiles is a favorable sign. 

Xeiapting fettf—Sptto haete fevers as relapsing feier may give a 1 ucocyto * 
ol from »5 000 to JO 000 n hen accompanied by high fever and bronchitis The average 
count gives a leuco ytosisof from sr to tg thousand wuha polymorphonuclear inerrsse 
to between ?$ and ?o'e The sormat percentage 0/ large mononuclears helps in the 
differentiation of malaria The leucocyte count tends to be higher shout tie time ol 
crisis The diseases most likely to be confused with relapsing lever are aalsns 
dengue ind yellow fever Tbe finding of the rulanal parasites or spirdcJiaetes will 
diSerertiatc these diseases The (eucocvle count u higher in relaptmg fever and in 
nabfia the e/ebrile period is shorter There is a leucopewa in dengue There is no 
leukocytosia m yellow fever whue malaria and especially dengue genera'ly show a 
leucopenia 

SipltiPrace m — The leucocyte count is 0/ great value espenallyuben weobtaina 
leucocy tosis with 80 to 00^ of pofymorphonuclears as to append citis cholecystitis fif 
other suppurative condiUoos 

i«a/tpo*~SinalIpe* especially at time of pustulation usually gives a leucocyfosir 
of from isooo to ijow Smallpo* often shows a very large percentage of very 
chsractenatic large monORudeats 

leueopema. — "Hus is a term used to designate a reduvlicm m (be normal itutahec 
of Itucocytes A leucocyte count of ssoo would represent a slight teucopcnia one of 
rooo a marked leucopepia In the later stages of typhoid and in acute laduo tuber 
culosis »e eipect a taoderite Icucopcwa t#laniuUr tuberculc/sis may give a very 
marked leueopema Tuberculous pentomtis will show moderate leueopema ora normal 
count AgraruJocytit angina aJ o giires nse to marked leueopema pniuanly of lie 
granulocytes 

Detifue —In this disease a leiM-opewa which begins to show itsell by tbe second 
day is very charavteristic The average leucocyte count is about yjocr and along 
with this we have a reduction in the percentage of polymorpbonuclears to about s°% 
Towards the end of the tereunal fever we bwvc an increase in the percentage of larg 
mononuclears 

Exophthatmte Cioitfr —Kocher n tes that la exophthalmic goiter the leucocy te count 
IS considerably diminished and that tbe p^ymorphonpclears are cot much more 
one half the usual percenUge while the percentage of the lymphocytes is aJcjostdoube 
the normal . 

In/utr o —Influenaa shows s leucopenu He very fatal pneumonias of tie iffis 
epide^C of influenza showed a marked icticopenia 

Eolo-a or — Jn this disease there » a marked leueopesia Rala azar must be par 
ticuiarly differentiated from Banfi s ebsease mabna and undulant Sever 

ifaiana •^Vunng fheapyrexul period of malaruweiBay have a white count of jooo 
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Meliflifereus Leococjtes. — Ttfse are luualljr large inenonuclears bean g patii Irs 
ol pigment macrophages uhlch bai* ingested maUn 5 pigment and are iharacttnjtic 
of malaru and bUchwaler fever 

Melioidosis.— The d ease may be considered as a secy virulent type of glanders 
and in those cases nhicb do not d e in the Ptst s or 3 days the pustules and suhcu 
liceoua abscesses may suggest either ordinary glaoden or pustular syphilides InvoKe 
luent of bone takes place if the patient fates beyond the second or third «rek 
Fulminant types suggest pbgue or ^ot ra anddi insorjdaya JLater Ifaeremaybe 
lung invol rmenc «bicb suggests miliaiy Itibereukisis or typhoid feter Abscesses of 
liver and kidney may further cocDpItcale the d agnosis Diagnosis is dillieult unless the 
organism is cultivated from bloof urine or faeces The blood senin usually shons an 
agglufiaatcofl for Bn / nun rthilttsHi Deacfa oemrs almosC rnvanahfy 

Meijorrhaeta and Metrorrhagia — Either of thee conditions may occur nhen 
Momen frst amre in the tropics Their eiact reblionship to change of climate is not 
knonn Should metrorrhagia persist and produce constitutional symptoms or the 
IDS mia becomegrate (hetromansb uMierounaiefaeriesidenceintbetropics ftefore 
these condieions may he said to be due to the change of climate all other causes such as 
endometritis subiniolution displacement ( the uterus lace ations tumors evanan 
diseas and alcohol should be eacluded After the age ol 3$ malignancy should be 
excluded in all cases 

Moeosneleosix Acute —See p ibyo 

Mouth PiigBOStic Signs ObUiecd from,— In coosidenng sore mouth one should 
also keep tti mind (he diagnostic odors of the breath such as in ilcoh bsm and unemia 
CoDunoa causes of sore mouth a e ttomatii s syphilis pyorihra tonsillitis and thrush 
The onset of pemic ous anaemia may be accompanied by a f iity eba aetensiic red raw 
tongue and gums 

fltrp tlAi eftrisnoctacarnmoBintrop calmalanasasio Ibo e of temperate climates 
It IS absent in plague pneumous 

iMskmm iti —In kaU aaar and poss bly in maleria we may have gangrenous 
Condjtiou at (be cheek as cancrum ens 

lefresy —In lep osy the nodules «b <b fo m on the a ide of the cheeks end fauces 
tend to show ulceration and thickenings The ducharges from the ulceraions in 
the nose espeaally those ori (he c mer teach the phaiynx and such leprosy baaUi 
conti ning discharges may be expectorated and cause one to consider the material as 
coming f om the lungs 

0 yalo — A very peculiar dis ase ol Tortuguese West Africa and also the 
Soudan region known as nyal 1 is cfiaractenxed by the appearance of blood-distended 
vesicles of the mucosa of the cbe Is and hanl palate The tongue u often swoUeu 
The ikm may show baemorrh grs and baemaluna is not infrequent The mouth 
blebs ary in sue from chat of a spl t pr too dameterof tj 1 hormore Tbecause 
IS unknown In severe cases there is anaemia and a in rked deirease in the blood 
pUteleu The blood nay show a normal coagulation time but there is usually a 
prolongatiou of the bleeding time Tb onset is sudden and the mortality h gh 

PtUatra — In pellagra there is moist bssun (, at the angles of the mouth with a 
large indented tongue with centra) coating and bare trp and sides There u often a 
glairy mucus covering these red borders on the sde The fungiform papillae are 
p nunent Later on the tongue m y be ome fas ured and undo mly red The 
buccal mucosa shows a carmine dush The gums are tend r but there is not (be tend 
ency to aphthous ulc rs one sees 10 sprue The flow of saliva is frequently incceased 

Sf w — In sprue there it at first great sens tiseness f tie buccst mucosa so that 
articles of moderate pungency gi e nse to painful burning sensati ns The tongue 
becomes qu te sore with esicle fo nutum long borders and tip which soon turn into 
ulcers Llcerat ons may also occur on til buccalmucosa particularly at the site of the 
posien rupper and lower molar t etb (Crumb e » ulcer) 

The congestion causes a great increase in miicirs especially about the faucial pillars 
and pharynx Ulcers are common about the fraeiiiuaof the tongue While th tongue 
IS coated at first with red ulcerated tip nd s dei it later becomes bare of any coating 
red and finally even glared as though wiushed It u at times fissured. 
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demenlja pntcox gwwal parrsis vsiwo* anaiUsUtuas of ceubral syphik tad »«« 
tnamacal or conlusional states Not ooty ««fe all forms of menial disorder ktwas in 
European countnes represented but tbeit comparative frequency and Ite typts ef 
conduct Sshibned were on the a bole nbat ought be expected in the study of a gmup of 
simifar cases encountered in any other part of the »orfd 

Overbeck W right in his book— Lunacy in India — notrs that of casts »er« 
ftnder lieatmtot for \ anous types of Kiana 15 9% for mefancholia 4 87 for deluswual 
insanity s for rdiocj ^ 7" few dementia and 6 d** for insanity Mo««g- tiecw 
of Caniroiij indico It is noted that dcmeotia praecot is not included in the statistical 
returns hut the authot statrt that in {usexpenence hebephrenia and kaljtonia sewuat 
tor a much larger proportion of cases than melancholia 

Overbeck \\ nghl is of the pinion that general paresis is quite common in India 
notwithstanding the fact that for many years the opinion haj obtained that sypfuhs 
of the central nervous system and the parasyphililic diseases were eacttdjsjly rare 
among Iropital natives lie regards the uindence of eewbral diseare in syphibiic 
natives as less than with I uropeans attributing this fact to the existence of an imtsu 
nity acquired through the prevalence of aypbibs among the« people during a pertod 
of several centunes Cases of general paresis are generally reported under the diagoiws 
of chronic mania 

\an Loon from studies made tn Java concludes (hat a mistake is made iR mest 
books Oft tropical medicine as to the raiity of general paresis ralibt {«oj6) has found 
tn Java that the amouflt of dementia fiaralyJira in the hospital wards was about the 
same for I utopeans as far natives but it was seen twice as frequently ib Chinese ** 
among the ivitiies ObuousJy the Loropean population it rsuch smaller ihaij the 
native lalthie emphasites that one should not genetaliae that his statistics sre 
applicable to other tropical countries Stitt has pointed out that gencexl parr** 
being s disease in which we have such cbaracunstie laboritory dugnojlw tests tspe 
cially the colloidal gold test there should be little diiTiculty in secibog this queition 
of lU absence or relative infrequency among natives of tropical regions 

Lynspbocytosis—koung children have normally an excettive proportion of lympw 
eytes even to a reversal of the polymorphonuclear lymphocyte relation of adults 
“Ihii 19 apt tij be particularly marked m heteditaiy syphiUs tnlarged tansib may 
give nsc to fytnplwcytosu of icooo to 15 00a when more than jo?" of the whJt* c*"* 
may be lympliocytes Rickets and scurvy also cause a lymphocytoiis Of course ik* 
disease in witch there is tic mast marked lymphocytosis it lymphatic fcutaemia 
Clondulur Jtttr (PfeiOer 1889) (u>f chans Pieaanucliosii) is a mdd acute ftbn'e 
disease the fever coming on «fter a short incubatton period and lasting from one to 
several weeks Throat infections particularly \uicent 1 ipwiHosis have been 
by some to be concerned m its geoesu Clinically it w c^ractenxed usually by so« 
throat swelling of the cervical glands and general glandular cnlargenient of variable 
degree and often enlargement of the spleen Kecovery practically always occurs wUbin 

a feir neeis The total itiKoeytf count is uauaUy f/om loooo to j»o«» ’'il® *■ 
lymphocytosis of fcota 50-90*^ In some cases there is a normal total count or there 
may be a leiacopema Tie lympliotytosis may not reach its peak osiiii af!« 
two weeks The characteristic feature of the blood is the larger number of pathological 
lymphocytes present Paul and Bunnell (193a) found that the serum in ffto** cas« 
after 7-10 days showed an increase in agglutiniDS of Sheep red blood ceUs 
KaHel (193s) have found that this u ntdtke lieteroplute agglutinins facing absoroedoy 
autoclaved os cells but not by suspeosiOD of guinea, pig kidney A positive 
indicated by the disappearance of egglutimn in the serum extract^ with autoclaved 
pt cells and by its persistence in that exrncted wrrth guinea pig kidney 

Undulant faer — Malta fever is a d sease vbieh may show quite a lymphocyte 
increase this jn sssociaiion with a rrdwisw} in the pelymorphciouclcars 
Jl loapitit cough may cause a lymphocytmuof ao 000 to 30 000 
Milaria — Characteristics of this disease are (t) Presence 0/ xoalaml parasites m 
blood (a) Penodicity of chid and fever I3) Sjdeoje enlargeinent {4) Resp®°*' ° 

qumine (s) Pceseoceof iceianifeTousfeiiOiicjtes (df Increaseia oroBPOucleatleuca 

cytes wbcB A leucopem* « present 
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m.i n luysometicnM serve ss the inlerieedute host through the eecidentsl sell tnfect on 
Kith the eggs ot r rof um tiuch lofectwii may lesttlt either from contsromsteii hands 
ot by npe progloitids being earned bath to the stomach by reverse peristalsis. The 
embryos then may migrate to almost any organ especially the muscles and m many, 
instances the brans with symptoms ot epilepsy The common tape worm of man 
Ta n <1 sat is to ind in the hueoars hMl only as a sesually mature parasite in the 
intestines there is ne\er a cysticercus stage in the muscles 

Mycoses, — The best known mycoses of ibetrop csare the lollowing (,1) Mycetoma 
a iisease caused bv various lunpi invading most commonly the luot which is honey 
c mbed by numerous granul matous areas fi>cn which lead sinuses which discharge 
yellow or black granules and eventustty lead to disorg nitation ot bone and other 
tissues ot the toot (il Tinea imbrirata a nngworm like aQection of the skin which 
gi es nse to papery scales arranged m rosette shapes and with ut 1 damm lory char 
ictenstics (3) Tinea cruria the well known dhobie itch of the Orient in which 
nngwomhkeaSectj n of the crotch, the itcbin isexctssive (s'! Tiedra whicbisdue 
to a fungus aSe Ung the hairs especially of the head and having gnlty nodules along 
Ih course of the hair (S) Pinta is a vano isly coloured skin aOectiou was formerly 
thought to be due to various fungi For other mycotic tnfe tions and Cheir diagnosis 
seepp ii47-iig7 

Myiases, -riesearedis ases caused by the invasion of arious Qy larvae and may 
be divided especially into cutaneous myiasis intestinaf myiasis and nasal myiasis 
CuJa rout hfyiaiii —In tropical Arne ica boil like Irions may occur from the 
de clopment of th Utva of a spec es of botfly in any skin arcs unprotected by clothing 
In Africa there is a tioulat type of lesion caused by the larvae of another Cy (Derma- 
Ichis and Cerdyteh a ) 

Infejlinaf Ifytat t ague intestinal disturbances ot lolenl abd iimnal paint may 
be ciu d by the (tesence of the la vae f various fly species in the intestinal tract 
The infestation may be accompanied by fever and other lympioms It 11 probable 
that the eggs of the dies gam access to the ahmenutv tract bv be ng deposited on the 
food 

Nuai ilyias t — tn the tropical and subtropical parts of North and South America a 
fiy Ch y emyit nateil » is apt to deposit lU ggs about the nasal otihces of persona 
with an oSeosive discharge (com the nos Tbe 6y seems to be attracted by foul don 
The larvae which develop are called sc e« worms on account of the segmental 
hands of b 1 ties and tend to invade the var ous s nuses causing great destruction ol 

The cast sets in with signs of a very se ere coryaa togtfhet with fever and marked 
froflCal headiche The face becom s swollen ted and tender m the region of the 
nose As tbe larvae reach iraturity they come ut of the nose A nasal douche of 
5 parts cllorofotm in 100 parts milk is oft n efCcacions in bringing away the Ur ae 
At tim s Satrapkata ta ae m y be f and See p gia for other forms of mytasis 
NauscauidVomiting — Somanydi sesareatlendedwithnausea bes des those in 
wh ch nausea is accompanied by rather constant omiting that it would hardly seem 
advisable to c nsid r it al oe tube same t me the slight oau ea which Cten accom 
panies bacillary dyKutery as o of the matufesutiar f loaacm a may suggest this 
type of dys ntery rath t than the amoebic one 

Btr it — t omiti g is often a sign of dangerous vag i involvement in acute perm 
c ous benben Some consi ler that the e tc me dilatation of the right 1 earl pressing 
on the itomacK may be the escilanl of tins vomiting 

B I us Rem 11 nl Rne —Bill us oraiti g n the feature m bit ous remittent fever 
which causes the pat ent th greatest d stress 

Bhehu le feu r —In bUckwater fever the trequ nt retch ng and bill us vomiling 
leod to exhaust the pat ent and tbe persistent v imfuia of green bite often ntec des 
deatM 

Choi rj — The vomit ng of h feta follows the diarrh ea The material omiUd 
may be of the same char ctrr as the rue « ter stools 

f.tr i46s«! —Rarely a liver absc ss may burst uilo th stomach in which case 
there is usually vomiting of pus Of e rse the more c mmon route of niptut is by 
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Typhus Fe^er —In typhus fever the Burath is frequently striksnjiy foul nilb m»rW 
sorrfes coveting the teeth The dry bro«n tongue in this disease is sometiiseslmoyri u 
the parrot longue 

i fftnfo — In the mihary type of verruga «e may have (he fraoulowatous lesioas 
appearing on. the rnucous membranes of the mouth 

I i!loa< Fevtf —In yellow fever the bleeding from the gums usually precnles ihe 
black vomit 

Muscle tnTolvement. iMoehiaris— There have been reported very rarely dis 
integrating lesions of muscles and cutaneous tissues in which amoebae have been found 
Bmbert — In this disease ne have muscular atrophirs especially of the oustles 
innervated by the peroneal and ulnar nerves sinular to those fofbuing other foriM of 
peripheral ne units 

FiUrtMs — rtlariaJ abscesses have been repotted >n the liio psoas muscles lo a few 
cases Wise and Minett found evidences of adult filanal worms (If txnerofh) in 
rr out of r 3 deep-seated abscesses whichwertciaminedby them Manyothrrin'esti 
gaton have reported filanal abscesses 

l!«al Cramps — In those working m freroons or steel mills the evcessjie bert 
to which they are subjected may cause vannus manifestationsof heat prostration amons 
nbich painful muscle cramps art prominent These cramps are somewhat simibr to 
those which ire such a feature of Vsalic cholera and m each instance are supposed ts 
be especially (he result of dehydration of muscle ti sue 

l^prasy — In this aDCient disease the course of uhich is marked by snaesthwa 
atrophy absorption and accidents (cigarette burns etc ) the lesions of boner joints 
muecles and indeed of al! otbet (mun are in great part due to mSltration ofnniM 
by the organism of leprosy The effects ate secondary and trophic oo the one hand 
and on the other partly due to Keondaty infection of the leproma by vanom baelena! 
agents 

3 n nerve leprosy th«e u often atrophy of the small muscles of the hand and of tl* 
muscles of the forearm The contracture which tales place under these circumstances 
gives nse to the claw band In tubercularand miied forms of leprosy there xaay bew 
addition tropinc disturbances of the fmgm and toes and also extraneous infrttioM 
which may ultimately result tn amputation of fngers or toes This process {omi 
on over a corsstderable time or being repeated results often m stumping of fingers 
hands toes or feet 

In addition to these openly destructive processes there is often seen » leprosy s 
condition of subcutaneous absorption of ail the tissues In this way the distortea 
finger nail may come to occupy a seal over the InueUeor even (ihough rarely) lurtMf 
up the back of the band or arm Bnefly in leprosy »e bav e as representing the path 
ology muscular atrophy from nerve involvement periostitis and arthritis intetsUtw 
absorption of bone and contractures resulting in mutilation of fingers toes hands 
and feet from trophic disturbance and intemrrrent bacterial infection 

ifyositis Pv iJenta Tropirtf— There may be a suppurative m>o$itis with a 
abscess formation or with disseminated foci or a diffuse purulent infiltration The 
attending fever and loxaemia are simitar to those attending any deep abscess fortnatioD 
Abscess formation m the muscles has b«u reported from various parts of the tropics 
especially the Cold Coast It is posable that the condition may occur sometimes in 

association with n bancrojts mfeclioRS ITawever either stsphytococei or streptococci 
have usually fae^n cultivated Pairan regards the condition as a secondary streptococci 
or staphylococcal infection in filana infected subjects Grace and Grace in the stu^ o 
300 cases in St Kills with a death rate of ro*' found the cause to be a haemolytic 
streptococcus which was also present »b thetbroats of those attacked The conaitwn 
has been more conunonly found in debilitated sufferers with Jong standing infections 
Tnchtnosts — Acute muscle paitv is a feature of the stage of muscle penetration 
by the larval Ttichxntlla spttai 5 The lever a ^tea suggestive of typhoid fever »ito 
ofdema about the face A marked eosmophiba is characteristic Another belnuntnic 
parasite which may rarely invade the musdes of man is the larval Taenia r«f«r " P'ln? 
nse to cysticercosis Taenia so! urn mfectuiB la man which is rare depends usually 
upoit themgestMttof the eystieercua or bladder worm stage bj eatmgpork Ifowever 
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Irgi paiQ on pressure in tlie dorsal region of the bach and Confused mental state suggest 
the diagnosis of pellagra 

57^lii{ii"In syphilis tb re u slow onset widely dstnbuted neuritic pains and 
history of initial lesion Positive Kahn bhiad serum reaction is usually present 

Viidutanl FfTft — \ery charactenaiK ate the sudden and painful |omt swellings 
secompanied by \arious neuralgias such aasacro iliac pain and sciatica 

Diseases wna SYurroits Wmcn M»y Be Confused witn h elritis 
Tncbinosis may be confused with nennin This cond tion gives rise to pam and 
lender ess in the muscles which do not lollow the nerve distribution Fosmophilia 
history of eating raw meat oedema of the hds and muscle pa n should help to dif 
lerentiate The finding ot T jpirolis i porti ns o1 c ci>ed muscle is d agnostic f n 
rat b te fever there is pain in the legs without p ralysii or disturbs ce of reflexes or 
neuritis Dengue ^^llta fever and yell w fever (roduce acute general pain in the 
limbs but not neuritis 

nodules.~Sinall raised ti dules appearing on thee r eyebrow cheek or chin should 
make one suspicious of leprosy Lc ahmani n dules are mall pink sh elevations seen 
in the non ulcerative kelo d type of oriental sore Cult eoui nodules or tumors are 
the most striking cl meal feature of onchoe cia s Juxta articular nohitei are s m 
tines found in associal on with onchocerciasis and also in y ws D flereniial diignosis 
may be made by punctu e and demonstration of mic ohlanae 

Oedema,— Oedema may be circum mbed or local or may be general The chief 
causes of geftcnil oedema are— heart failure renal nsufl c tncy angioneuroti$ •neylos 
tomi SIS idiosyncrasy to certain drop such as potassiurn iodide and asp nn and snake 
bite It IS us lly not difTeuit I ascertain the eau e of a gmeralited oedema The 
oedsma due to heait failure affects pstticul tfy the deptndrrit parts of the body If 
the patient is up a d about it is f und th t the I we esi em ties become oedemateus 
while if the patient is i bed (be lower spine area becomes oedema tout The oedema of 
nephnt t u ge eralized and shows nn ptcdileclion for (he dei endent parts 

Absce SCI cellulitis and external o superfcial tumors [ roduce 1 cal oedema In 
erysipelas there it swelling and tensi n of the sk n w th an advancing ridge rai ed and 
wtlldefi ed There It usually oedema and bulging ove ihe mastoid n acute i feetions 
of this repofl Empyema not lofredu ntly is ecompanied by oedema and p stive 
congestion Aneurysm of ih ar b of the aorta may prod ce edema of one arm or of 
one side of the face as result of pr tur on(head)a«nt ein In angioneur tic oedema 
there may be local oedeniat us swetling of sudden and t ans ent duration Tumors 
invol mg the tncduslinum may sh w unilateral or bilateral oedema together with 
tortuos ty of the supe ficial veins of the face neck arm or chest * all Pennephne 
abscess may show oedema o pufhness over the lo n Tr chi sis is frequently accom 
panied by oedema particularly of tb face and about the eyes Other les comiron 
causes are urt cana eryihromelalgia sinus th oinbos intermittent hydrarlhros s 
tabes dorsalis and purpura haem nh gica O dema esp cially about the ankles s to 
be looked for in all the secondary a emi s of the tropics particularly maUna and 
aneylost m asis 

Btnbcr —The oedeota begins at first about the feet especially about the dorsal 
junction of ph langes and met ta sus It is characteristically pretibiat It may 
remain confined to the hinor gouplo tbeknees scrotum sternal reg on ot trunk Itis 
gent ally symmetrical but may b unilater I It may become a general anasarc even 
inf ty-eght hours Tie swelling of tlebcei attmes normius the eyelids be ng so 
oedemat us that the pati nt c n see o ly by separating them with the fngers The 
oed m more sob] than that fnrpbnts It not only rap dly appe rs but disappears 
as ap dly The oedema f benben may involve the glottis (o dema ot glottis) 
Oed ma of genital regions is less m iked th n in nephritis ot catdi c disease Ve 
may also have local edare of edem 3014 nch sin diameter Ship beriberi which 
has points in common w ith both b nben and scur y reveals oedema which m y be 
limited to the lower e tfem t es r g neralized tp Itmic dropsy is a type f benben 
■n which there is fever and ao erythema o cr the drops cal areas 



ASPEKDDC 


the luQgs in which case the chocolate^oloied hver abscess pus siauW be coughed aj) 
instead of vomited up 

r a<r -~0dious vonattng mav be a atnkin; feature of the ictenc type of 
relapsing fever 

t omiJin/ SitiHes % — There rs a disease knotrn as vt>cwl?j>g jictnessuhicbiashees 
noted jn Jamaica It occurs chiefly us duldten and has a sudden onset with marled 
vomiting followed by cerebral Symptoms and great mortahly Some thought ^ 
di east to be ytUow fever but the fever and jaundice of that disease are absent It a 
now recognised as due to aclee poisoning Seep ta<j> 

i fUowrn w —In y flip* fever there nay be early voaulmg of % bitisb w bilMtu/ied 
mucus but the wtll known black vomit is • later feature only occurring after the fo«c^ 
day « hen the other haemoTTbagie manifesUtioat set in 

ffeuTitis — Inflammalion of a nerve accompattied by pam and tendenirss over the 
nerves involved ncth dututbance olsensaiton paralysis and disappearance of tefleres 
ouybe (») Traumatic (a) Chenuca) O) Infective NfeUboJjciB ongio Tie 
first step la an understanding of neuntu « to determine the probable cause Bluffier 
states Qeanng m tmnd the seat of the tesion in multiple neuritis (com diflcrent causes, 
may prove helpful in the diagnosis Ceneraity speaking the foHouing distphutiOQ h 
observed Alcoholic cbieflj feet trad chiefly trnsts arsenic all four estreauties 
benberi all (our extremihea peJJagra all four esirrmifirt diphtbrna palate rarely*'^ 
four estremities puerperal ulna and median aomttimts all four eslrtmiites 

dfcolef —History of alcoholism a bibterat neuritis Pam and tenderness to ih* 
soles of the feet foot drop may have amt drop tradermucfes loss of deep relle*e» 
tactile aaatstbtsia with byperalgesia in the feet a charscierutic. KersskoBs *ye 
drome the loss of memory for recent events >d a person who delights la fabrwstw* 
of stoevts and renumscence* nhtch he himself believes followed by haSiueinstwM 
illusions delusions and disarientation as to time place and persoa eompletef ur 
picture of IvomkolT s psychous . 

Arum —Arsenical neuritis tnay follow acute or chronic irtenical poisoning-**” 
four ettremities are involved as a tule gasiro intestinal disturbances enlargemeotoFus 
liver laundico and skin pigmentation help diBtrenliate from other cooditioas 
Hatmorthagic tflcephaiiUs is a common occurrence from the so called delajed atsenicsl 
poisoning The van den Cergh test is of aid m diagnose 

—Beriberi produces a polyneuntis Helpful points of diagnosis ate (tl 
History of dietary deficienvy (i) Oedema (»et benben) Ivo other form of neuritiai* 
accompanied by oedema (y) Loss of deep itfleaes (4}Aakledrop (j) AB»e$ti»i» 
and numbness of skin (6) Jongkot test— the patient is unable In use from a s'jualin’S 
position if hands are placed over ha bead In <liy lienberi the dietary history *®u 
the onset of muscle tenderness pam and weakness with dyspnoea and pslpitation 
accompanied by dilated ngbt heart and attacks of angma are suggestive of 
The neuritis of beriberi simulates and most be distinguished from neuritis prodiicea t>y 
arsenic lead alcohol aod pellagra , . 

ifflTi/rww —-Tic gastro intestiiw} disturbance foSowing d« mess and diplopia soouw 
make on* ihmk of boluiism This condition resembles encepbablis letbargica 
poliomjelitis I^ndr/s paralysis and tbe paeatype form of rabies The finding of we 
ClosI Jtam t’ottUniinj is most important in diagnosis ror tbe denwrtslrafioU of tilt 
tonne in the wgested food filtered extracts of it ^ouhf be injected into normal guinea 
pigs and, in guinea pigs with smmune seeom 

Piaiefrs — \ poljneuntis cbaracteneed hy pain paraljsix and atrophy of the lo'er 
eetreroities is characteristic ot diabetes The finding of gbMSuna and bypergfyceou* 

IS diagnostic 

Dtphlhttiiit Po ofyrir— ilalory of sore throat involvement of palate “‘w®' 
oedema and failure of pupil to tcatl to accommodotioo or light should help in toe 
diagnoss ,i 

Upmsy — The spots in nodular leprosy sh»% loss of pain and temperature sens* wuu 
relenlion of touch sensaiion 

ytHairo—The history of def^uve diet symmetrica! erythema more lOtease on 
tho5epar!soflheboiiyvbicbate»wtcoi««dby^®‘^w* tremor of tongue wesknesso 
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heidich* IS rallitr otbiul and ts oflfn czciucuUDg There are also frequently heavy 
dull pains of the extremities 

Oroya Fever —See aoaemia and verruga 
Paragononuasis— See hitmoptysis 

Parozysnul Haemoglobmuna.— In Ui* condition ne have haemoglobinuna 
haemoglobmaemia (ever enlargement of theapl cnandli er and occasionally jaundice 
while in bt ckwater fever j und ce comes on early and is marked The cause of 
paroxysmal haemoglobinuru is not defnitcly koowit but in the type incited by cold 
there seems to be as definite a relationship to syph lisas blackw ter fever has to malaria 
Reports show gov have a positive Wassetmann and recovery under anlisyphihtic 
treatment has f equentiv been reported The Don th Landstemer reaction is positive 
This disease is characterised by par lysiuaof haemolysis nilhin the blood vessels All 
the s gnsand symptoms of this cond twin map be attributed to the rapid haemolysis of 
a Urge number of red blood cells In malaria yaund ce 11 more marked than m par 
oxysmal haemogl bmuna For nocturnal paroxysm 1 baemoglobiouna In wh th the 
Donath Landste ner test is negat vc see Rlackwatet fe er pp 148 and 15S3 

Pellagra.— In a typ cal case there is the d agnostic pellagrous symptom<omplex 
(i) Simmetncil sharply outlined eryihecna (j) A1 mentary tract disturbances 
stomatit s ep gastnc burning a d diarrhoea (j) Neurological manifestations (See 
seuntis ) 

Periodicity — Uafa lo thows a ty| cal penodic tjr of paroxysms of chill and ele 
at on of temperature M Unal paroxyimsthow a p cterenc for the forenoon r atly 
afternoon 1 malignant tertia there is a ptnlong d hot stage with gradual onset and 
tbs fever tends to remit or may remain com nuous for several days The study of 
such a chart is apt to sh w shght n es very other day 

Pyefit J —This condition at times gi es a regular p riodirily of chills and fever 
cesemhlifig m Uru Ulum «ly tie f ver assumes the picket feree type Uni 
Uteral pai tenderness in the tom with frequency of un ation are common Urinary 
find nge and negati e blood for pUsmodia differentiate from maUna 

Ktl pringfeKr— Tbr eotmorepyreiialpenodsweeksapartaretypcalofrel piing 
fever 

T t ck/cTcrfrequ ntlysbowspyretul periods tetutn gafierj-yd ys Thenqm 
bet of tela(ses of fever vanes greatly (romyt $ are common 

[fnJuiis t Fne —•\\ive like penodi ty of fever last ng for seven to ten days and 
separated by afebrile intervals may suggest the diagnosis However this per dicityis 
(requ ally absent 

Phlebotomus Fever -(t) Presence t PUeielvmus pofaljsii (j) Sudden onset 
tempe ture 03-104 F frontal headache usually post-orbital eyeballs tender to 
pressure (3) M tked injection of co junctivae tsie 1 jecu n usually extending in a 
bonzontal b nd across the eyrb ll (a) The face and neck ate flushed the redness 
resembl ng a rash wh ch accord ng to Castellan peisistslor o to 13 days after the fever 
subs des and fades away very slowly (s) Presence of s nd fly bites as ted punctures 
usually about the wnst a d ankles (6) Leucopenia The fly penetrates 18 mesh 

Photophobia — Influ za measles qunie posonng Inch nosi typhus fever 
sm U pox sun hght and syphibtic pacbyincningitis re c mmoo causes of photophobia 
encountered in the tropics Ocular oncbocera su also gives nse to photophobia in 
C atemala Mexico and parts of Africa 

I’lague — Chn cally plague is divided 1 to a mild form known as pestis m nor and a 
severe fo m peiUs major 

Feslisil nor — ( ) Ambulatory form (a) Slight lev er (3) Little prostration (4) 
Pnmary es rte or phlyctenule at s te of the flea bite 

FesI 1 i/ajor— la the more comamii and mo es nous forms of plague we have two 
d stinct types (a) bubonic plag and (fc) p eumomc plague Septicaemia is common 
in both forms and is often ec gnized as a sep rate type — septicaemic plague 

Common to both forms are sudden onset ngors rapidly rising and irregular tern 
perature g eat prostration confused mentality and inco ord nation 0! speech with 
rapid, weak pulse 
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Caiahar 5urf/irf|j--Tht e ttcm connecud with infectioni with Lea Isa Tlr 
s« eUings ongtnate suddenly and duappeac m three or four days They are bard and 
do not pit on pressure These SEOAOth swelliQgs often i to 4 inches ui extent attistal 
oflenseenon arms faceorsnlcJes Utssuggiefted thst they represent an si/erpcMi: 
non on the part of the tissues tti itspoosc to the fditul tonne 

/.aiayamo Disease — The urfscans) areas of oedema have given it the name of 
UTticanaJ fever See p 14*5 

r»ypanfljojniajij — oedema of the face and especially the eyelids may be 
sttiSnng tspcciaffy in eiiiWrtn «v Chagass disease There may also be pjicbrj of 
oedema elsealieTe 

A peculiar disease of North China known as alnplicism is caused hy the eatoj 
by the very poor of a w eed itripJesi cotnmon around Pekin There is itching of Via 
fingers quickly followed by swelling This tends lo extend to the hack of the bands 
and up the outer surface of the forearm The face becomes so swoCe n that the eyelids 
may be dosed Seep *aot 

PaiR. — Cephalalgia racbialgu and the c&aracienstic pain of certain diseisei pvt 
considerable information in eaUblisbinga diagnosis 

Seriiere—Jft bertben there ts often pain «i tbeeprgastnc region so that tbesb hftst 
touch causes great distress This epigastnc tenderness is also a feature of yellow fever 
The calf muscles are also markedly hj^ieraesthedc in beriberi 

JHeKkvaler Few — Pams iri the lumbar r^on giving etpression to the kidnei' 
damage done by the haemoglobiRdeUiiuspluggirig the tubules isa comsiontytnptoniin 
blackwater fe^er 

Chahra 3n cholera one of the enost stnlurtg phenomena of the disease is lie terrible 
cramping of the muKles especially those of the calv m and fret These pain* aclaally 
torture the patient 

ileiijut giv es rise to a marked post-orbital eotervess rather than pam There M alioa 
marked racbialgia with pams in the Umbs often referred lo the repons of the jotnti 
which howevet are not swollen 

Jlial Sheit —Cramps of abdominal muscles as well as those of estreaiities ere eftea 
noted in heat stroke in men iw firerooms 

LtffP)^ —In leprosy the neuralgrc pains may be very severe through the inoarwas 
tory reaction while the nerves ate being pressed upon by the connective tissue 
of the cndo and pcrmeunuoi Mention has been made of excrucialtng paws of the 
toes especially the big toe even suggesting goat 

ifo/oris — In all forms of maUna but espeaally in the paroxysms of 
malana there aiesewrelicadachesaiKfpainsintbcextrersities JaternutlentMissilgia 
IS often regarded as malana! 

O a}aFei( —In this vecysenousdiseaseofcerUmareasofPeru the bone psinstnaj' 

be severe Tfcese bone pains have been reported as especially mitktd in the sternutD 
but also as involving the long bones 

PeBagra ~ Pam on pressure on dorsaf or lumbar spine is common in peWagw 
J'fague way be associated dunngthehntdayortwo withaciesctaciatinghcs^che 
This may even be prodromal but tends to di«ppear with the rapidly developing 
stufjorous sfat-e of the patient 

RclapsiniFntr — Bone pains especially referred to the koees a/eeomplam«diifby 
patients with the bilious typhoid of Griesinger Thu is a type of relapsing fever otwr 
ring in Egypt - . , ^ 

Trench tfier — Pain over the shtn Ijmc ts a prominent eemplaint m thisaiiection so 
that the term trench slun has been employed 

rryFanosowioni —In tiypanosonuasis headsfhe vs often marked tagetb« with a 
characteristic deep hyperaesthesii so that the stnkiog of a limb against a bard 
gives nse to ex ruesatmg pam there being however a delay in the experiencing o> 
painful sensation (K^randel a sign) , 

DndiUanlFeier — In Malta fever the neuralgias especially sciatica often associatco 
aith suddenly appearing painful jwftt swellings are prorament ftatutts 
J ettoji /{ler is marled by pams in the lumbar Rgton the ceapede i>a e of the 
as if the patient had been beatea over the SSUU of riie back with a bar of iron tee 
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Rtlapsi I Frrrr—ln rebpsmg ifvtr there « freqjently » moderate bronchitis 
at the time o( the first febnte accession 

Typhus Ferer— Broncbopneumonia ts probably the most common complication of 
typhus fever 

Undula I Ferrr— This disease tends to show a bronchial involvement about the 
tnelith day of the disease Crepilant rites a moderate cough and slight dysp 
noea may be noted It uas the presence of pulmonary t gns along nilh the profuse 
saealing and anaemia of the disease that jusbfied the desgnation Med lerranean 
phthisis 

Pulse — In yellow fever a markedly slo* pulse betnern 40 and 50 is often recorded 
about the time of the remission (3rd or 41b day) 

Queckenstedt Test — This test conssts of lumbar puncture nith the needle con 
netted to a manometer (or recording the intraspinal pressure After n ting the pressure 
the internal jugular veins a e compressed to froduce a cerebral co gestion Imme 
di tely the pressure of the intracranial fluid is raised and produces an increased p essure 
ot the intraspinal fluid This elevat ob is noted by a sudden r se in level of the fluid 
ui the manometer and is followed by a sudden deebne o releasing the jug lars Any 
senous narrowing ot the sj inal canal tielwren (be cranium and tbe point of the needle 
wiU cause the fluid le el to nse more slngg shly and the decline will Ukeurise be slower 
than normal In the event the canal is completely closed tbe compression of the 
jugulars will not aSect the le el of the flu d ui the manometer This test is e pecially 
valuaVte m confirming tbe presence or absence of obstruction or narr wing of the lumea 
of the spinal Canal ItisindKatedwhenonesuspecisc rebrospi al block synngemy 
alia fncture or dislocation ot spine spin I tumor or any conation which may cause 
senous narrowing of the spinal caaat 

Hat 6 te Fever —Tbe following points should be looked for (1) Sudden onset with 
chill {t)Tb bceakingdowDclaprcv uslybeal dwoundorinOammationsurroundiag 
t acatnx from h to 3 •< ks old (3) Lympba ptis and lymphadenopithy (4) 
8p nlla in the blood For definite d gnos s the inoculation of a guinea pig nay be 
neceaury to demonstrate the Spinllum 

Reflexes Altered —Diseases in which alic ed tflex s aed motor dsturbanees 
are of diagnostic alue are included under this brading Di9 reatial diagnostic 
data m regard to sensory disturbances when accoiopa ed by altered reflexes are 
included 

Bcnbtri —It is usually stated that the tendon rtfle es of the lower extremity 
especially the patellar reflex a e absent ^^h■lc this is g nenlly true they may at 
first show an exaggeration nd some cases do not seem to sho any decided change 
There may be stnki g vanatioo lioin d y to day n the reflexes The superficial 
reflexes espec ally tbe cremasteric ar as a rule m reactive than no mally 

The se sory changes in benben are less marked th n those of the motor s de 
There is rarely complete anaesthesia but athe a blunti g of sensation Ityperacs 
thcsia particularly of the muscles of the calf ftheleg is well marked when th muscles 
are grasped with tbe hand 

rhe an esthe a is earlint noted ove the shin bone and dorsum of tbe f ot A 
loss of tactile sense is ften noted nl nt finger t ps making it difficult for the patient 
to button his coat Tbe most striking molo pbenocoe a arc the foot and w nst drop 
« pecially the former The extensor muscl a are more mark dly mvol ed than the 
fl xors There is marked muscular weakness ( the foot as well as the hands The 
weakness of the muscles of the leg is often th frst symptom to be complained of 
Tbe type of palsy in beriberi a mainly pa aplegic altbougb hemiplegic and monoplegic 
tj'pes ha e been rejorted Tbe paralysis ot the daphragm is the most seno 5 of the 
muscle palsies 

Contractures of the mus let of tbe foot or calf ol the 1 g may occ ir Contractures 
of the muscles ol the upper ext cmity re m re ra e Muscular atrophy of the leg 
muscles is often marked In tbe upper extremity the muscl s of the hand a e most 
frequently atrophied 

Kub I gsri —See paralytic v rtigo below 

lalAryitm — In lathryism we have spast aty sad an exaggeration of the reflexes. 
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— Tfa« pvtbognotaonic pijofulbabotj'pfsrsatwut tli< third or (oartliiijj’ 
"Ibe buboes appear in the loeuinal region ipvolijAg tbe femoral glasda (7*^ ) v^iij 
(jo^) and ibe submaxil/ary and «rvi«l (s to 10%) \ety characteristic of plague 
buboes 15 the oedema of the pengbndofar tissue 

f'netf»!OB{C'-Ift tbe course of an atUcli of pestis tna;or mlhout buboes we my 
ha>e grave pulmonaiy symptoms develop Early dyspooe* shallow lespiration wiib 
the expectoration of abundant naUty spotuin wlucb later becomes blood tinged s»i 
absolufc/y sangusntotis nithout seemingly saffioent chest fiadcaft should msf* ew 
gravely suspicious of plague There is nevw the rusty (enscious sputura herpeior 
pamlul respiration of kbar pneumonia 

Polycy^emia. — Vn increase in the red btoodccik is noted m cholera to 8 to^ nuIhonJ 
A high red cell often occurs m Sonoebe (Peruvian roountamsicStneH^and w theaitivts 
who reside its the high altitudes of the Andes (espccuUy Peru *nd Bolivia) 

Poiycylojis — hn increase w the cells of tbe blood both erythrocytes aad Iruco 
cytea IS characlemtic of cholera 

Putaonary — V»t have included as pulmonary •symptoifts of tropital diseases those 
due 10 involvement of the lung as tbe result of direct invasion by the tafectmgorgjius® 
as in pntuitinnvc plague as well as those regarded as secondary to invasion ol thestruc 
turea as in malam and rt/apsing fever 

Anc^lottommnt -~-In boohnorm disease cough ami bronchitis have been rrporleo 
and It seems probable that such tnaniiestalioos may be connected with the course ef 
the larvae thcougb tbe pulmonary passages (0 reach the mtecdoal Icstt 

Bnnchint isptriKhatiffstt —There is a condilioo nhich mere or lets resembles hi*' 
pneumonia even to susty sputum but without signs of consohdatipn aod with neg* 
tive roentgenograms when «e find spirochaetts in the sputum In another ty^ 
bronchial spirochsetosji the ehnical piciure rs more that of pulannary tuherfums*' 
There »» h ciuejtion whether these tpirochaetes are causative or only sccondiry of 
accidental 

^tfarvasis— The filatial embryos ol H loncro/Ji remain ifilbe lung capiUswsd'iJ’t'J 
the day and auch embryos have been found rs bbodcoirghed up from the limgs 
Cuha —In Guam there is also a rather fata! capillary bronchitis affeetog 
children whi h goes und 1 the rame ol epidemic asthma or as termed by the 
guha Ti a aSectien comes on dunttg the rainy seasoa and is attended with marxr 
dyspnoea and alight elevation of temperature t_ «i 

//rat Jieatr — Cheyne Stokes respiration and putmonary oedema ace often obsn'W 
in heat stroke , t 

Jopanejc nter Jn^r often shows bronchial vuvolveraent and cough at the tune 0 
the height of the fever 

Ao(a>a*iia iStsrast may shovr a locali ed bronchitis early in the attack and Iro® 
its rapid appearance and d sappearance would seem to be a sort of patchy pulmonsty 
oedetiu TVis 3 connected with tbe passage ol ^e larvae through the Jungs 
similar bronchitis has been observed in infection with 5 rA*st*sc*'>« iraeweifit »i" i® 
Africa and S uienjoni in the Ucst Indies 

iiecr Aifcerr^Iu liver abscess tbe creyatatioir at the base of the nghllung foiMwing 
congestion lacideat to the ahscesrof tbe nsbtiafKo/ theiiver is 0/ value m diagootit 
Rupture of a liver abscess into tbe lung occurs U) about roe's o 5 untreated , , 

Itlalarta — In /nalaria we have a slight broniAits w tie ordinary lypt* 
recognise a pulmonary type of permaous malana , 

Sfomlia tnftzM a — Cases have been ceported wiicre a pbtbisa like eondiunn 
due to a mould infection (!/«» hf) !\hilfi such a condilioa may be 
mote often secondary in cachexias as way bo the case with buccal jafevtic 

(thrush) which occur in the vi tinis of cacheeoe states ^ 

plaivt —Plague pneutnonia u cbaraclenzed by profound prostration lit « P* 
whose physical signs often do not to justify Such extreme illness The ta 
abundant and v altry sputum soon betousea sfti^uuioleiit Herpes labiaJis is 
Besides pnmaty plague pneumonia which develops directly from eootact with a J®'®* . 
Cfcse we have a secondary pnemnomi oducti (kv^ps ta the course of a typical c*se 
bubonic pUgue as a wetastaUc phenomeoiMi 
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De {w — Tb« true eruption ot dengue is t)ie one tbst appears about the (ouTth or 
6 Ith day as a measles Lie erui Uon starting about the n rists oc aniles 

Drrmaf (ii Due lo Sckishsan i— Cort (ipaS) reports a number of cases of derma 
tiUs of a papular to pustular nature otcumng in the state of Michigan (USA) 
produced by penetration of the aim by schistosome ctrtariae Cerca to of eo 
This form of dermatitis IS common in other locaUties Seep 1433 
Cf de lie D opiy —It has been a question whether such a d sease as e(idemic dropsy 
IS distinct f om b nben An erythematous eruption about the face and a macular 
one of the trunk and eatremities are usually stat^ lo be features of this disease See 

fi/jnor s— The cutaneous manifestations of dlanasis include (i) the bleb Lke 
les n which d sdose when the gu nea worm s about to p erce the ikm (i) the Calabar 
sweUinp produced by /oa loo (})tlephanti sisa dlymphscrotumandblati labscesses 
due to n 3] rr /It O olrulu (or rarctuirnt) gives nse to nodules or tumors on the 
sides of the chest about loints or on tie back or sc Ip They are usually quite super 
fcial VI th the skin freely movable o cr them 

Juila-a I cuUr Aedes— This is a condiU n i which small tumors form under the 
siin especially m the legion of the eVbowa These bean to walnut sited turnon of 
the lu^uUneeus tissues m y also be noted about the knees A fungus has been 
reported as the cause but the present view is that the condition is generally a sequel 
of yaws 

Aeta 4 4 —There is a darke ing of the eolored skin ol the nat ves suQetiDg from 
Ibis di ease and it is to th s feature that the disease owes its name (Dlaci sickness) 

In Euiopea s the appearance is oi re that one sees in old malarial eacheetici an 
earlhy^y color The chancten tKS of cutaneous Iti hisaoia s are discussed under 
that heading 

Oriental Sore is espec ally eonm n i Asutic Turkey and Northern Africa It 
begins as a small papule which e entually ulcerates the tore scabbing over from time 
tot me and again bteakingd v.n Indolent graoubtiors and a very protracted course 
are rather charactetisti features It is due t Letshtnt a fre^ica 

triiAmo M — rh most mportant pont ol dflereoti ti n of Am rican lesh 
mama is from oriental sore is the occurrence I ulcerating les ons of the mucous men 
btanes of mouth or nose subsequent to the appearance of the oriental tore I ke le< ons 
on forearm legs trunk or rarely the fa e 1 rervitbeietmviorroreproperlybelongs 
to the skin aOect ons while < p nd « is the designation applied to the lesions ot the 
mucous membranes It may be tated that a form f oriental sore has been reported 
f ornTreecc where mucous membrane ulcerations have b enassociated with the ordinary 
sU type lesion 

Br hmachan has desenbed a ionn of generalized cutaneous leishmanial s bearing a 
superbcial resemblance to leprosy which may develop a variable number of months 
aftei apparent cure ol kala azar by antimony Having f and leishmania bodies in 
the ( sions he conjectured that some of the p rasites survi e the action ol the drug 
but With then virulence altenu ted that they can give nse only lo a imldet disease 
a variant of cutaneous leishmaniasis to which he gives the name dermal le shmanoid 
se p J 70 

Up osy — In nodular lept sy there may be the appearance of macules of greatly 
varyi g sue and shape with a t nd ncy sooner or tat r to symmetry Th y tend to 
appear and recur in assoc ation witblebnleacccssMnsaDi c enwhentbeyhavebecome 
permane t spots thev show increas d redness infltrati 0 nd tension when there is 
fever The color is rather that of a aunbum and may be uniform or the center may be 
(ale with topper-colored periphery The e spots app ar by prtfere ce on face backs 
of hands buttocks extensor surfaces of exlre nities and back Th y may mark the 
location of later developing nodules it first they are oily r Iher th n scaly Soon 
there is n ted a disappearance of hair within the spot These spots soon tend to become 
an esthel c The t be ties of leprosy »rt nsnally of a redd sh brown color 

In nerve leprosy the spots tend l® appear on parts of the body usually cover d bv 
ciotbng as scapular ttgio shoulders rms Ihgh o buttocks The outl ne is ovo d 
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Lipresy —The usual stattmenl is Itat there is an ctaggerstion el tbe deep ttSeies 
Ankle clonus has been rarely repotted 

Anaesllsesia is the most imporunt $ymptoia in the diagnosis of leprosy This 
loss of sen&ation is often for pain and tesiperature with retention of tactile sense {dis 
sociation o-f sensation^^a prominem symptom of $yTingoiB>elia) The anaesthessi 
IS not only found in the spats but associated with the leprous neuntis ssbch chiefly 
involves tise ulnar faaal and peroneal nerves MukIc palsies and atrophies sre 
common and the mam-en grifle appearance of the hand » seen 

rarolytu Wrtijo— A very remarkaUe disease called kubisagin m paralytic vertigo 
has been observed in Japan This disease » thought to affect those bvnng in stables 
The attacks only last a few minutes and at other limes the patient seems norma! 
Dunng an attack there is ptosis and diplopia speech disturbances and palsy ^ the 
muscles of tb« hack of the neck causing the head to fail foiaard There may also be 
some pareses of the muscles of the catrenutirs The disease is not fatal Cases hive 
been observed in S» itaerUnd 

Pelldfra —There is considerable variation from lime to time in the reScses ^me 
autuorities attach diagnostic value to the appearance of aa eiagfcerated reflex on «o« 
side and a diminution or absence of the corresponding reflet on the other side Ankle 
clonus may be present Paraeatbesias and m particular a burning sensation of the 
erythematous areas are often noted Ifyperaeslhesis of the dorsal and lumbar regions 
IS often noted Pruritus is at umeacomplainedof in the region of thepenneum Thew 
IS generally auseular weakness 

SUtping Steknen —The deep reflem are usually exaggerated and the superficisl 

ones diminished or absent 

There la rio distinct alteration of moicr or sensory function Mcept that of deep 
hyperaestbosia (kf randel s sign) There is usually marked nraknessof themuscietof 
locomotion 

Kelapaiag Fever — (i) Sudden onset nith rapid nse of temperature to 104 or tOj F 
(j) Bilious vomiting (3) Leucocytosis (a) Remissions of j or 4 days foUoaed b} 
a second tlutd or additional pyrexul penods 

Kocky Motmtam Spotted Ferer —See typhus 

SclustosKsouasia.— in both rectal schistosomiasia and Japanese schistosomas 
there may be fever eosinophilu and urticarial rashes as early manifestations Toe 
same phtnomena may characterue the onset of the vesical form (due to S kaemtmin'^} 
of this group of heimtnlhicinfections Cystitis and v esical calculus are the symptoms 
which particularly characterue the latter infection while dysentenc marufestalions 
are often associated with the rectal fluke Particularly the schistosome infections 0 
Japan and China may lead finally toemhosw of the liver ascites and a terminal cachew 
Sckuieitnta kae?> atebium may give nse to Egyptian splenomegaly 

Scrotum. — The following conditioos are frequently found in the tropics 
cele of the tunics vaginalis (a)Lymphscrotuni{roroA‘ifari« {5) Boils (•tJSypbiii* 
(5) Malignancy The examiner ^ould prose that the swelling is not due to hernia m 
every case 

//yiwrie— The tunica vaginahs may become distended with fluid 
cases of thick wall hydrocele they are translucent while a haemalocele is not A 
hydroceles fluctuate hilanal mfectiODS of the tunica are not race Such a conditw 
IS ciUed chylaus hydrocele 

Skin tesioas of —Ringworm lofectMos of the skin are so common in the irop 
that one should always nuke an eraminaUoa for the causative fungi when douW a 
to the nature of the lesioti exists Another point is that many hyperaenuis 
to Other diseases seem to furnish a favorable »d for fungi thus not mfre^en y 
Stitt found abundant spores and mycdial etrucinres in scraping from the 
of the early syphihtic secondaries Agam pruntic lessons may become , V . 

fungi as the result of scratching whidi scratching may not only have this result 0 
furthermore may obscure the decnsatolagsod ^ractensCics of the pnmary disease 

dn<T;/i>sfi>»ne<ir«“ln ancylostanuarta the site of entrance of the infecting StSfl* 
the larvae is marked by a dermatitis— ground itch 
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Dtniu — Tte true eruplion of d<neue 15 the ooc that appear* about the fourth or 
fifth day a* a measles like eruptioo stattins abaal the n nsls or ankles 

Drrmal I s Pue W Scki loiom 1 — Cort (ipsS) report* a number 0/ cases of derma 
litis o! a papular to pustular nature occumiig in the state of Michigan (USA) 
produced by penetration of the skin by schistosome cercariae Ce ca lo ahea 
This form of dermatitis IS common 10 other locabties Seep 14JJ 
Ppiim cProp V — Itkasbeenaquestion (thethersuchadisease as epidemic dropsy 
IS distinct from benberi An erythematous eruption about the face and a macular 
one of the trunk and ertremil es are osuaHy sut^ to be features of this disease See 
p >018 

Filanaits—'Ihe cutaneous manifestatioos of filanasis include (r) the bleb hke 
tesiQttv.hich disclose when the guinea norm is about la pierce the skin fs) the Calabar 
swelli gs produced by Ita loa {3} elephantiasis and lymph scrotum and filarial abscesses 
due to II ion rafli 0 tel ulu (or et ulunt) gives nse (o nodule* or tumors on the 
sides ol the chest about joint* or on the back or scalp They are usua ly quite super 
ficisl nith the skin f eel/ mo able over them 

/uxia-ert tul N eJtt -~Thi* rs a condiliori in ohich small tumor* form under the 
skin e peciatly id the region of the elbows These bean to nalnut sued tumors of 
the subcutaneous tissue* may aHo be noted about the knees A fungus bas been 
reported as the cause but tbe present *ic« 1* that the cond tion i* generally a sequel 
ol yaas 

Ke/ii-e^ —There is a darkening of tbe colored skia of tbe native* suffering from 
this disease and it i* to th s featu e that tbe disease ones its oame (Clack sickness) 

In Europeans Che appearance is more that one sees in old maUna] cacheeCies an 
earthy gray color The characierisiics of cutaneous I 1 beian a is are discussed under 
that h ad ng 

Oriental Sore 1* e pecially comm n is Asiatic Turkey and Northern Alnea It 
begins as a small papule n lucb eventually ulcerates (he sore scabbing over from bme 
totim and tgun breaking dowa lod lent granulations nd a very protracted course 
are rather characteristic f atures It is due to teiikmenia Irep ca 

Leith Kin r i —The most important point of diffe ent aDon of American leisb 
mauasi* from enental sore is the occurrence f ulcerating Its ent of the mucous mem 
b snes f mouth or cose subsequent to the appearstict of the ne tal sote like I sions 
on forearm legs trunk or rarely the face In Peru tbe term nfo more p operly belong* 
to the skin affections uhile tspi J a is tbe designation applied t the lesions of the 
mucous memb anes It may be stated that « form of oriental Sore bas been reported 
fromC reeceobere mucous m tnbr neulcerat onsba e been associated w tb tbe ordinary 
sk n type lesion 

Brahmacban has described a form of gr e alucd cutaneous leishmaniasis bearing a 
sup rficial resemblance t leprosy which may de elop a variable number of months 
after pparent cure of kaU a ar by intimoay iiasing f und leishraania bodies m 
the lesions he conic tur d that some of the parasite urv te the acti n of the drug 
but nub fbeir vimleice so attenuated that (hey can gi e nse only to a milder disease 
a variant f cutaneous leishman asis tonh tkbegitestbename dermal leishmanoid 
see p ajo 

Ltp njy— In nodular leprosy there maj be the appearance of maeoles of greatly 
vaiyitig s ze and shape n ith a tendency sooner o later to symmetry They tend to 
appear and recurinasE ciacion nitbfebnl aceeswinsand even nhen they have become 
permanent spots they show incr ased red ess infltration and ten on when there is 
ft tr The olor is rather that of •snobun and may be un form or the center may be 

pile 11 Ih copper-colored penphety Tbtac l^ioU appear by preference on face backs 
of hand buttocks eetensor surfaces of ezticmUies and back They may mark the 
I cal on of later dev loptog nodules. At best they are oily rather than scaly Soon 
Ih reisnot dadisappearanceofhainiithinthesi t These spots so n tend to become 
anaesthet c The tubercles of leprosy a e osnaDy of a reddish brown color 

In nerve leprosy th tpott ten 1 to app a on pa Uof the boly usually covewd by 
tlothing as scapular t gioo shoulders a ms thighs or bullocks The outl ne is ovo d 
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rather than round and the spots may at £nt be hyperaesthetic ntherthanananlheuc 
as they later tend to become In ortinate crupttons there is often noted a pale centet 
with brownish red borders These borders may be byperaesthetic while the centers 
show aneslhesM BdateraJ lyminetry a laore common m tins fhan wsodaiir ferprosy 
Besides the spots nett e leprosy may show tdistcr libe lesions on the backs of hands and 
feet especially in the region of the knuckks Ulceration may follow 

Malati's —Herpes is more common m benign types than in msbgnaBt on« Urti 
cana is nest in frequency Malatu has aemed to be the cause of certain cases of 
purpura simplex 

In atfnbutmg akm mamfestatioos to maUtiii one mast always bate la rmnd the 
scarlaliniform urticarul and erythematous rashes that may be due la tpunine and 
arsphensmine Tone rashes with fatal rcsoits aUo occur from solfanihaude sad 
sulfathiazole 

P<UatfC — In no other general disease is the stun eruplioo of such importance w 
diagnosis and it is practically impossible to make a sure diagnosis of pellagra iR the 
absence of xn eruption or the history of an cniptiOR The erupiion tends to show 
UseU in the apnog but may first appear in the earfy faff The fesiOBS resemble a iiifl 
bum and burn instead of itch Ibe charactenstics of the eruption are bilateral sym 
metry and sharp delimitation (roiB the sound skm 

As a rule the lesions are dry and atrophic but mote rarely and usually in severe 
cases the eruption may be moist and oedenutous The backs of the hands are the most 
rummtw sites tor theeivpttott but frequently there wan ectenswrr Bpthe/nresrm- 

n«k the bridge and alae of the noae the region back of tbe ears and the front of the 

cheat are often involved In children the feet and legs are frequeotlyinvolvtd Sc»Ui 
eruptions ate early manifestations 

Plcfut — \ery rarely eases of bubonic pUgve may thowa small vesicle markiBg th* 
site of the Sea bite ^reas of necrousof the akin nbi^ a/e really sloughing patebe* wo 
iticetretllydesignated carbuncles maybenoted espeoatlyovertheaiteefthehuboes 
1 n the later stages haemorrhages into the skin (petecbiae) are common 

Pnci/y iUai —11118 condition is estremefy comtnon in the tropica and the scrattiiflg 
to relieve the Itching often leads to infection with fungi or pyogenic cocci 

Hat Bile f>i«aie~A« eruption of purplish spots may accompany the fever Ten* 
may be a resemblanee to erythema multifonoe _ . 

r/yyanMOMia/;/— ratchy areas of ctythema are often noted in Europeans aStow 
with this disease Tfceseare /requentlynreiftate with fading w tbecenteraod letidw 
appear on the trunk , 

TsatsUfcmusl i — \ small necrotic ulcer with a dusky ted areola often located m 
the armpiU or region of the genitals marls the site of the bite of the in/ecfmg rwte 
Irom It a lymphangitis leads to the swollen glands About the seventh day * 
macular eruption which never becomes petechiaJ appears on face then on trunk an 
estreroities 

Tula sen ta —There is often a local lesion at the site of the bite of the lufecting 
Chryseps The tributary glands are swoUco ^ v o iv 

Typhus Tetff — Gangrene is partrcularJy a feature of spotted fever of the hot y 
Jlountaifis and typhus fever chiefly of the scrotum and prepuce with the former an 
of the extremities in the latter In typhus there is a maculif eruption which 
petechial . 

Urticartal Feer — In Japanese schistosomiasis ^teii the earliest symptoms *** 
utUtarial rash and fever 

SklB Pignxentatioaof — It is well to besrui mind that the normal skin pigmemat'® 
in the negro race is blacl; end that true pathohgicai tksn pigmenlaliofl a* >n 
disease vviU therefore be black and not brooee SUtt has observed light 
of the negto race fiecORie glossy black due to tuberculous Addison s di ease The go 
and buccal mucosa of the negro norraalfy have x bluish tinge and m healthy isfTsast 
Mgro ancestry there may be such a buccal pigmentation The first step m 
the cause of skin pigmentation is to determine by the van den Bergh twt d tM « 
is due to an excess of serum bil robin Tha is a rapid diagnostic aid and thee 

the skm pigrcentatioos due to senins bihiubmaemu from those produced by ot 
causes* He maa csiisea of akio pigmenrabon are pellagra arsenic therapy sypo“ 
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dtrms naUnalcachctii scurvy malgnancy gaiter diabetes mellitus, nodubrleprosy 
Add sons dsesse pemictois tnaeoiia aod vagabonds discotontion due to Fedicuii 
Tbe mougolian spot is a curious nuBife^tioa of pigmentation wbich consists of one 
or more bluish dark spots that appear at birth in the sacral lumbar and gluteal regions 
They resernble sotnenhat the black and blue marls (hat may appear on the skin altera 
contusion According to Simon (1940) tbe mongotian spots are more distinct tbe first 
tvo »<cIls after birth be oraing fainter and disappearing in from two months to two 
years Vinety per cent of Japanese icdantsaresa d to have them and they are cotnmon 
amo g 1 fants ed the Javnnese hlalays Chinese and tribes of the American Indians 
In a negro the mongolun spot is ra ely absent several of the spots usually being 
present They have also been found la a few instances among Kussiacs the natives 
of Crecoland and tbe darker hfediterranean white races However Hooton (1940) 
po n s out that the p esence of (non oVnd spots is suggestive but not definite of negro 
blood, as It may occur in Infancy in manv of the darker pigmented races Hence tbe 
presen eof these spots is not defin to evidence of negro heredity Other features which 
have been cons dered as indicative of negro blood such as increased pigment in the 
eyes and nails and blood tests lead to tbe conefusioo that (here is yet so kno i n scientific 
test that wiU identify negro her d ty 

Snake bite —Tbe dagnosis is based upon the bislory of bite followed b> swelbngof 
the limb or area bitten P ill nausea vomiting and collapse Later bleed ng from tbe 
mucosa and from the fang puncture Bleeding from goms and nose may be profuse 
Snake bites usually occur on foot ankle handorforearm Individuals should be taught 
to kill the snake Ksponsibte for tbe bite and (0 take it to the dispensary or hospital 
vb-teitmav be Identified this afford og the possibihtv of receiving specific treatmcoi 
See chapter on poisonous soakes p 1530 

Soaaefeoee — The disease in which this symptom is most prominent is aleepiog 
sickness The patient may go to sleep lying in tbe bright sunlight or in the midst of 
eiting a morsel of food The e casescan beeasilv aroused but quickly dropoff tosleep 
afterwards Theyofteo deny (hat (bey were asleep Later on in sleeping nekneu the 
palwnt nay s’eep (ron 14 to 36 boun continuously and a more marked tendency to 
somnolence may be present by dav than bv nighi la the prodromal st ge of lepnsy 
tofflooleacerso/ten nurked and accompan ed by a sensarion of unaccount-ible weakness 
Swesti gland accessions of feter may also be noted at this lime fn plague the rather 
stuporous state of tbe patient may give (be impressi n of somnolence 

Spleen EaUrgement of — fSplcnomcgaly ) The best method of detecting moderate 
entacg mentis bimanual palpation Thespfe n descends with inspiration and the band 
cannot be inserted between (he mass and (he left costal margin 1! a notch isielt in the 
right free border one may be reasonably sure of an enlarged spleen Enlargement of 
the spleen may cause the appearance of palpable tumor in the left bypochondnum and 
maye en extend below theumb Ii usorintolhepelviscausingvisibleenl rgement of (be 
abdomen Tbe normal spleen is otpipable Tbe spleen is enlarged In typhoid fever 
arihos s of the hvee mea let sickle-cell anaemia and infecti e endocarditis In the 
toll wing diseases it is an impo tant diagnostic a gn 

Staciwati Pt e — The spleen s pa nful and cni rged The spleni enlargement 
ID thi d sease and relapsing fever is important n differential diagnosis from yellow 
feve a disease in which the pleen is unaffected 

G ucier sDt i i — hpf me nlar^menf feueppe H chronic coar e with a brotmish 
to grayi h skin d sc lo ation is pres ot 

/fa iKolyi Ja ni et — Enlarged spleen a aemia diminished les stance of the red 
cells tohypot me salt s lull n (o sa toodav NaCl) and the presence of ret culated red 
ccUs Jaundice 1$ common and Ih s Aids in differentiating othe f rms Seep ij$y 

K ! -a a — The splenic enlargeincnl u the most con p cuous change in the disease 
the spleen often re chi g the mb liens the third month and later possiblv filling up 
theentiref ft sideof theabdom n Tbeeoiacident emaciation 0/ the pat ent makes tbe 
splenic tamo! more app r nt Hhen fc* eaiafgi<l„ the spleen may be the source of 
c ns derable pam and tenderness 

Fluctuati ns m tbe size of th spleen h ve been noted in the course of the disease 
dmiButioninsueofieaittending severedw rho afatJacks InspIeencrbverpuBcture 
tbe needle must be dry 10 that the pansitea thaD not suffer ^stortion 
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Leutaeimat —Oraduil patnlns ^oUTgemeat of the spleen to »n enormous sze is 
characttristjc of mytioid leufcaernia l>0)pltatvc Itakaetwa pseudo leuVaemw infanlum 
Molorta — SpJenic enkrgemenl and tendecons are itnportant points in dugnosis 0! 
malattt In acute malignant ttnian mfecnista tit spleen » often dtlUntTit so that it is 
fiaLie to rupture upon alight mpny The palpatson of the spleen m atuie malaw is a 
difficult pfonedure Although it snaybeconsecktablyenlarged itsssosoltthstpalpa 
tion is difficult One should even eaetcjse cafe not to palpate the spleen too violently 
and the possibility of accident sbooM be thought of iit making 4 spleen puncture 
The typical maUna spleen is the ague cake o( malarial cacheta Ifere i.i hiw « 
greuly enla.Tged spleen ujtb a tbckencd capsule and firm consistence This spleen 
may All up one side of the abdoioeu 

1 /oftij F extr —The splenic enlarsetncftt m this di^aae usually corresponds about ta 
that of typhoid fever At times however the siac nay be so great as even to suggest 
kaU-aaar 

RtlapsiKg Fner — Splemc enbrgemenf and tenderness are marked fealurts in thu 
disease often being noted early m the course 

ffifkftj — The spleen may be readily palpatdc in ssrVrts Tie milnutntiofl raeJunc 
rosary presenceof Harrisuti&gToove proiection of sternum painful >wnts erswotabes 
enlarg iabiiomen profutiit>.eaiingandtfnilencylaatonyispreifnt Blood vhemirtry 
shows reduction of inorgimc phosphates 

lieeliv W euitlain Fmr — One point of dislmctiem between spotted fever of the Raciy 
MoURtams and typhus fever may be that the spleen of the (ormrr disease is usually 
enlarged three or four limes ibt normal while that of typhus fever shows bo wereaw 
la wae Tie palpable spleen of Rocky ifountsin fever is firm instead of soft as wit# 
(yrihui fever 

Stkirioro-miosM — ^Tbe apteen may be enliiged in Japanese scJustosomiasis as irellas 
in ifnean schiscosonuasis due to either 5 hoeaotpbiun or S iMOorMi 

Splentc itnarmio— (Bantia disease) Enlarged spleen ieutopeaw wenrriflg 
hematemesis and secondary atiaeima Most be differentiated from syphilis with 
aoaenua accompau/ed by ip^nomeetiy 

Syfhihs —In congenital syphvUs the spleen is often enlarged along with tie uf« 
In syphilitic oirbosis of the lives the spleen niay be greatly enlarged Syphilis may be 
(he cause of the same chmeal and blood picture as found in Canti s disease Syptui* 
may produce an anaemia associated mih splenomegaly and every such ease having a 
positive Kahn serum reaction shovitd bo regarded as luetic until proven otherwise 
Sprue — Tbs interesting disease may be diagnosed by Diarrhoea with 
charsetenstic white stools which may be tntimaleiy mired mth bubbles of gas giving 
tbem B frothy apytatance (a) Tongue and mouth lesions lu which the tongue is 
denuded of epithelium and shows infbmmatoTy changes (j) I/iss of weight U' 
Atvseinia may be moderate to severe The red blood count may fall to « 
c mm and resemble the picture ot pernicious snaetnu ^5) Small bver ( 5 ) The 
neutral fat and fatly acid ratio in spnie may become i-S against s normal of neulrai fat 
I fatty scut a Sptue may JUmuUle pernicious anaemia peliagra malignancy of 

pancreas syphilis and dysentery In BsaligasRcy of the pancreas the neutral fat aiw 

fatty acid ratio helps diCerentiate as ui this condition the neutral fat in the stool may 
be as high as t to fslty acids i 1 emicrous anaemia syjAibs and dysentery may 
be differentiated by thorough laboratory study and the absence of true sprue stool 
differentiates peliasti Sprue is now recognt^ as « nutritional deftiency disease 

Seep 1033 See diarrhoea lor etiofogy of tetany in fatty or chylous diarrhoea 

Stotsaeh and Oesophagus.— Very important uv diagnosis is a lendcwes* W 
pyloric end of the stomach which ts brought out by attempting to p.jipate the ep^astoc 
region It W often marked in yellow (<»«i and acute permciiui benberi as wcu ** i" 
bkekwaur fever and bilious reimlttnt fever i'e *bo ftequcntly have epigastric 
tenderness etteoding to the right 10 anc^tatomiasis Ifonkvoiia patients are often 
potbellied and the craving for eating iwusual articles as earth may be conneciM 
with the gastric hyperacidity which (be paCieaC desires to neutrahee with alkaline eart 
PtUap-a gives eructations and pytMis and very foratnon is a hcirem^ icnjatw'' 
eoten^ing fcom (he stomach along the bae of tie oesophagus 
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S/Tue gives nse to a EUtuIent dyspepsia vntli gaseous eructations la sprue there 
IS otten a raw sensation m the oesophagus o that sualloaing is painful 
Stroagjloides — See diarrhoea 

Syphilis Hereditary — A syphilitic child is never born of a non syphilitic mother 
A syphihtic mother however may give birth to a non-syphil uc child 
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Temperature — A\1 ile a Vnowledge o( the vanations la type and course cl the body 
temperature in the various tropical disea «s cn y he ot great alue m diagnosis yet such 
infoTcnati n is I able t lead one astray unless such data are controlled by a rarelul 
cons deration I the other and mor irnportani factors of physical d agnos a and labora 
lory exammationa 

The idea that there is a acientihe ei etness in the cmploytsenl oE the dm cal d er 
niometer tends to make one overestimate its value lu diagnos s It tnusi k« remembered 
that the b gh air temperature one encou tera nthet opica affects the cbnicaltbermom 
cter uh eh IS of the manmum type This is pattieuU ly true when tie sun may be 
shining on the container in which the the m meter may be kept Cven it one shakes 
down the column of mercury helore putting it in tie mouth the warm glass of the 
Instrument wiU quickly cau e the mercury column agai to rise It should he a ptactie 
to place the instrument n cool water before 10 erting it in the mouth and we must n t 
forget that a ufBci ntretentOBintbemoutb fr m two to five minutes maybeneces 
sary is some ases to as ure a reh bl 1 enpcraiute record 



Pot pract cal purposes we may divide tiop cal dis ases from a itand( oint of body 
temper lure int two cias es {i)Tlesed easet t ukteh the hse ce of fevrr i the 
tenralcours oftheiUit it ll t rule a Hi) llost dt ttses tnuhich iht prtsenc ojfntr 
In the [ net I (ou e of Ih i/lnr > ts If eruir 

The di a es in which the presence of f ver la the general c Urse of the illness is 
the rule m y be cons d red n twog ou[s (i) Those in wh eh the temperature chart is 
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Uukcumaf —Gradual painlwi nilaigefwat of the jpken to an toormoui sue is 
charactensljc of myeloid leutaemia Ivrophatic kukaemia pseudo leukaemia infantum 
^falana — Splenic enlargement and tendcmess arc important points w diagnosis of 
mabria In acute malignant teriun lofettioas the spleen is often di'Ilje nt so that it is 
iiabfc (o rupture upon slight injury The palpatton of the spleen in anile nsalina » a 
dilTicull procedure Although it may be considerably enbrged jt is so soft that palps 
tion IS dificult One should e\rn etercise care not to palpate the spleen too violently 
and the possibility of accident shoufi be thought of m nuking a sp'een puncture 
The typical malaru spleen « the ague cake of malarial cachexia Here we have » 
greatly enlarged spleen with a thickened capsule and firm consistence This spleen 
may SU up one aide of the ahdamen 

Ifo/to Fccrr — The splenic enlatgcnscnt n (his disease usually corresponds about to 
that of typhoid le’ker \t times however the sixe may be so great as even to iaggr*' 
kak aaar 

Helapnm river —Splenic enlargenient and tenderness are marked features in thu 
disease often being noted early m the course 

ffieketi —The spleen may be leadil/ palpable in rakets The nialnutriliofl rarirbt 
rosary presence of Ilsmson a groove proyectionof sternum painful joints craiuotibes 
enlarged abdomen profuse a« eating and tendency to atony is present Blood chemi'try 
shows reduction of inorganic phosphates 

Reeky iloimteiHf'ettr —Ooepoini of distinction b<'t«een spotted fever of the Rotiy 
Mountains and typhus fever may be chat (he spleen of (he former di ease is usually 
enlarged three or faiir limes the normal while that of typhus fever shows no incteatf 
iQ use The palpable spleen of Roekv Mountain fever » irm instead of soft as with 
tythus fever 

Stkisitiar'itojn —The spleen may be enlarged m Japanese schistosomiasis aa " fJ! *• 
Iff African schi tosomiasis due (o either 5 iaimaiaiium orS pionifiii 

lifltnic Anaemia ~(VanU $ di esse) Enbrged spleen leumpenia rewin * 
hemsiemes's and secondary anaemia 'lost be differentuted from syphiis wil* 
anatma acco/npanied by spJenomegaf*' 

—In cofigeniial syphilis the spleen ta often enbrged along with the h‘W 
In syphilitic cirrhosis of the liver the spleen may be greatly enbrged Syphi iv may o* 
the cause of the same clinical and Wood picture as found in panli s disease 5yp‘iUs 
may produce an anaemia associated with aplenomegaly and every such case having i 
positive Kahn serum reaction sh>ukl be regarded as luetic until proven olherni e 
Sprue —This interesting disease may be diagnosed bv fi) Diarrhoea with the 
characteristic white stools which may be intimately mixed with bubbles of gas giving 
them a frothy appearance fa) Tongue and mouth lesions in nhich the tongue is 
denuded of epithelium and ihon* inflammatory changes (y) Loss of weigSt Ui 
Anaemia way be wodetate to severe The red bfowJojuoC tnaylaU to r 
c mm and resemble the picture of peroiciaus anaemia {$> Sma I Uver (6) Jbt 
neutral fat and fatty a id ratio in pme may become t-5 against a normal of neutral fat 
I fatty acid a Sprue may aimubte permoMis anaemia prjbgra nshguancy of tM 

pancreas syphilis and dysentery Jn snaliguancy of the pancreas the neutral fat and 

fatty acid ratio helps differentiate a» sn ibis conditwa the neutral fat in the stool may 
be as high as i j to fatly acids i rerninqus anaemia sypbius and dysentery may 
he differentiated bv thoraugh bboratory *tud> and the ah nee of true sprue sieoi 
differentiates pellagra Sprue is now recognised as a nutriuonsl del ciency disease 

Seep tosi iee diarrhoea for etiology of tetanyin fatty or chylousdiarrhoe* 

Stomach and Oesophagus —\ery jisportant m diagnosis is a tender es* 
pylonc end of the stomach which is luougfat out by attempting to palj ate the epigastric 
region It is often marked jn yelJovr fever and acute pernicious berben »s wtUasin 
hbcfcwatee fever and bihoua rerrmeat fever tte also freijaeatJy have epigastric 
Underness extending to the right In affcyloslomiisi* IfookHorm patients are often 

potbellied ani the craving for eating unusual articles, as earth miy be conneeiea 

with the gastriw hyperacidity v hich th« patient desires to neutralize with alkaline eartn 
PtHapa gives eructations and pyios s and vny common is a burning sensatio 
extending from the stomach along the Use of the oesophagus 
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SioR give (be temperature picture of « conttoued fever u which penodicit}' is not 
easily noted A study of such a chart niQ probaUy show that the curve tends to 
approach normal every other day The suggestion of periodicity is almost of as great 
value as the actual drop to normal in the iniennission The renutlent or even continu 
ous typ of fever m malignsot lettian tends to xkM to an laterimttent one after a week 
or more of such fe er 

\c y characteristic of mahgnant tertian paiosysms is that they set in with chiHy 
sensations rather than a iranlc ch H It is for this reason that the so-called dumb 
cb II IS lec grazed as more serious than (be frank urmistakable chill The main 
fcitu e of malignant tertian paroaysms is the pronounced and prolonged hot stage 
nbicb frequently lasts from twenty to thirty-sit hours and may nin over into the 
rising temperature connected with the development of the succeeding generation of 
parasites 

The teems anticips'ian and postponement are frequently used to esplam the drawn 
out fever of ih s type of malaria There is great iiregvlarity m time of development 
so that vre get the irepressio i of compkled cycle bef re the accepted forty-e ght hours as 
sh nn by a rising temperature within ihiriy-sic boars — anticipation or instead of 
show i g indications of a compt tuon of cycle m forty-eight hours the f ver still keeps 
up— retardation The descent of the fever curve is much more gradual than the nse 
at the onset of the (aroxysm The fine hair like rings of the tropical paras te are the 
only scbi ont stagn usually found in the peripheral blood As the nngs enlarge they 
fa 1 to appear m the peripheral blood so that bio d eaatnination at such times will he 
negati « The fading of creiceats u p oof of a malignant tertian infeetieo 

1 1 view of the fact that one is likely to fail t> find parasites lust before or just after 
a pare ysm search should particuLirly be made I t the pigment carrying phagocyte— 
the mclan f roui leucoc) le 

In certain of the permewus manifestations of malgnanc t< tiao especially the 
h)perpyreaial type of cerebral irufana the temperature may reach a very high degree 
107 r to no I and it is often mistakeo for sun stroke by one not familiar with the 
fact that so called sun stroke 1 often only this fatal form f malana 

In algid pem ciout malaria the aadbry and, o part cular the rectal temperature 
remain elevated even with subnormal surfa e temperature 

The infection in latent malaria is most often a mabgnant tertian one Such cases 
often d lelop parotysms f Uovtng surgical operations r st time of pregnancy or 
child birth Clark and others have noted the abuodanee of parasites m smears from 
the placenta taken at time of delivery when the peripheral blood showed few or no 
psras tes huch an eiammaii n is of enormous value m diQerentuting a malarial 
parosysR] from puerperal sepsis 

Hilt D ! are — Follawing a rather long incubation period of from sis to eight 
weeks during whi h time the bite has healed we have a rather sudden invasion with 
high fever loj to 104 T chill and at the rne time mnammation of the site of the 
Ute with lymphangitis and some dli g of trbutary glands 

After two o three days of high fever we ha e a fall by crisis \ ith profuse perspira 
tion Th temperature ema n» normal fra fev days during which time the local 
t c ling and inRammat on subs de Th i ver again comes on I equently with an 
erupiio to later on d sappear ar d reappear At aath times the fever course is 1 regu 
Ijr There may be as oia y as i of the e febrile acces ions 

Hclafsinirett j — These fe efs hen the e are three or m re relapses can perhaps 
be non easily diagnosed from the temp nture chart alone than is the case with aoy 
other disease ex epling milat I fev i» howi g tertian or quartan penodicvtj With 
an abrupt r 5 e of temperature whi h ema ns elevated for f om three to seven days and 
drops by crisis to normal to be followed by approaimatcly a w eek of norma! tempera 
tUTC with two o three repetitions of the fever and apyrelic intervals we have an 
ejlremely characteristic temperature chart 

Unlik malana and yellow fever the onset is apt to be towards evening rather than 
in tbe e rly afle noon The spleen 1 apt to be enlarged dun g the pyrexia and less to 
when the temper lure is normal The qnrocbaeles are to be tearcbed f r while fever 
IS present as they disappear f om thepenpbeeaicirculatioa during the apyrelic intervals 
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of pnme Jinpcrtance tn diagnosis (a) Those in which the character of the fever gives 
but little assistance in diagnosis 

DiSEVSrS WITH SVBBEN OsSET ATO TtSSlIS STISG BY CeISIS 

ria(kvalef r ncr — The onset a usmU/iitute sudden with a rather severe ciufj aad 
marked lumbar pam The temperatore nses mpully about 104 F and may fall in a 
few hours to a point but little abo\e normai accompanied by profuse sweating Tie 
fall in tempfiature is not followed by a fechog of improscmctit On the othec hand 
there may be a fever course of remttterit or even continuous type That which is most 
fbaractenstic and which ;n the majority of case* enables the patient to male hii own 
diagnosis is the passage of dark or potler-cotorcd urine 

The unna ry sediment it timpfy granular dllbns there ek no mtact red cells It is* 
haemoglobmuria and not a haematuria If there i* any blood m the urme u» jellon 
(ever it is in the form of* baematuria The urme tn both blackwater fever aadyello* 
/ever is highly aibummas Jij tome cases the ItacmogfobinarM seems to result ffoai 
quinine administration alone tn nhtrh rase there is not the high fever of typical black 
water fever \s distinguishing it from yellow fe»« we faavea roatked jaundice which 
comes on in a few hours or even with the first appearance of haemoglobinuna insteid 
of being delated until the third day as in yellow fever Again the Wackwaier p»t 
o*ysin IS intensely prostrating it is matkedfy asthenic wfufe the onset of yellow fever 
IS quite Sthenic in character The enlarged tender spleen of bbcVwalet lever is *'« 

* prominent feature which is «bsent m yellow fever Bibous vomiting u *» 
and severe feature of blackw*ter fever but not the black vomit of yellow fever which 
does not com« on until after tbe third day 

The jaundice of bilious remircnt fever does not appear before tbe second day *«« 
tbe unne show s bile pigments instead of haemoglobm 

Dtrtitu — In this disease the eiireinely sudden onset with a fever rising rapidly to 
104 F or more and remaining elevated for three or five days to fall by ccuia 
and after an apyreziat period of one or two dayt to be succeeded by a second lewi * 
accession gises a fever chart which » quite characteristic— lie saddleback chart 
The typical dengue eruption does not appear until towards the end of the primary fever 
or about the commencement of the secondary one Intense postorbital soreties^s a 
striking feature in dengue fhe comparative slowness of the pulse may be noted m 
dengue as well as in yelioiv fever Leucopenia and polymorphonuclear percentage i 
reduction are rather characteristic 

Valario Benign Tfr!iaa and Qnarlan -^The presence of a fever of leiliao or quartan 
perwdiaty is absolutely ebatarteristic of malaru In rare eases however of meningo 
coccus sepsis without cerebral localixaliOD we may have a tertian or even quartan 
periodicity Such cases are apt to show petcchul spots and blood cultures give to* 
diagnosis ks the result of theinlioduction by infected mosquitoes onsuccessuedays 
of two generations of malarial parasites in benign tertian or of three generations m 

quartan malaru a quotidua penodialy may obtain Such a type of feveris observed 

in tuberculosis liver abscess and vanou* pyogenic lafeclioiu The nse of temperature 
in benign terfoan and quartan malaria takes place in about one half the casts somewhat 
early in the day wlulc fie daily nse in fubercolosis sepcic condition* and Jiiw abscess 
IS more apt to occunn thecvctiing Iheevewng nse being almost the rulein such diseases 
Hectic fevers generally show a less distinct cjrfe of chiff hot stage and sweating tnsn 
do the bemgn malarial paroxysms At tie ame time the enlarged spleen presence 0 
parasites la the penpberal circulation and response to qumme arc diagnostic points m 
Biafana whi^ must afwajx fce thought of Uhea quinine admiristration has C8U*e 
the parasites to be terapotanly absent from tbe Wood the increase of large mononuclears 
IS very suggestive 

Mala la J/a/ignonl Ttrhan — While benign malarial infections are more common 
in temperate cliroates nuUgnaot tertian ts tbe one which usually prevails m the tropic* 

The onset w rnaiignant tertian is Mlber issidioiis so that the case may be suspreW 
as one of fyplioid fever At the same time the first paroxysm is apt to shew a tertian 
penodiaty wiile subsequent ones by only raiutttng »nd not showing an intermis 



INDEX or CUNICAL DIACNOSIS I669 

An istoni hing (<ct is that so seven and piolo ged a fever should give such a slight 
mortabty (which In some sene of cases has been only s'*) Occasionally a case 
shows a high continued or remittent (ever and aggravated symptoms going into a 
typhoid state Such case may be fatal There is an increase m the lymphocytes but 
no increase m total leucocytes 

Tb wave course of the fever nith atebnle intervals and increasing anaemia is 
suggestive of kala azar particularly when there is a greater enlargement of the spleen 
than IS usu 1 in the disease Ordinarily she splenic enlargement about corresponds 
to that of tvphoid fever but at times it may be so much enlarged as to suggest the splenic 
tumor of kaU azar 

Oroya Fe- r — This fever IS regarded as the first stage of vemigs peruviana wh ch 
is characterized by a se\ere anaemia and invasion of the red cells with Barlonrlla 
( ctU jermts With pains of anons ynnU and bones the e is a gradual rise of tern 
per lure «l ch after a few days reaches loj to 104 F and tends to become 
remittent or eo tinuous There is a lem rkable and etcessive destruction of 
the red cells which may fall to a miU n or kss per c mm The fever after about 
three weeks begins to tall by lysis Enlargem nt of liver spleen and lymphatic 
gUnds are common Tam over the I ones espcaally the sternum is sa d to be often 
very severe In the eases which reco er a vertucons eruption (the verruga stage) 
usually follows 

F* yptn lOfniciii A/r on — The (ever of Iryp nos mias s is markedly rregularand 
may exist in nati es without preventing them (rotn carrying e 1 their duties os potters 
The onset u on the whole nsidious In this first stage of trypanosomiasis or trypano 
some fever when trypanosomes are found only in the glands and penpheral circulation 
what may probably be considered as leading pe ubar ties of the fever arc the great 
daily oscillations a Bormal norm g temperature be ng succeeded by an evening nse 
up to 10s F or 104 F 

^\'hle the febrile course is usual in Europeans it is often sbsent in natives AVth 
thes) the febr le QaaifestadORs ere Doled 10 the sleep g sickness stage Again a very 
tap 4 low tension pulse is present whether the temperature be lovv or high These 
(ebnle access ons are followed by apyrex al inter ab 

Fxtremcly important in diagnosis ace the glandular enlargements of which those of 
the Upper postenor cervical t angle are the most eba aeten tic (W i&tetbottom s sign) 
Gland juice is more apt to contain trypanosomes than the film from the blood Deep 
hyp*iaesthesia is also 1 very cha actenstic symptom (K(r ndel s Sign) 

Vrhen the ttypanosotaea a e (ou d 1 the cerebrosp al fluid the d s ase ha reached 
tbe second stage of trypanosomiasis or that of sleeping sickness This i ushered m 
by a tremor of ll e tongue and mental symptoms of g eat ap thy and listless ess An 
irregular fever is present at limes during the course of tt is stage of sleeping sickness but 
t wa d th end of the disea e the temperature tends to be subnormal Progressive 
weakness and emaciation w th fi Ily e matose state are featur s of the terminal 
weeks 

T yfatio i 5aufA Amc iron —The d sease begins acutely la young children 
with an ir egul r remittent fever The parasites are not apt to be found except during 
the fe er The lymphatic glands become swollen W ih repe ted accessions of fever 
followed by apyiezial intervals the child b comes weaker and tn re anaemic The 
spleen IS enlarged Thisi frcti a maybe very latalfor children Inadults the d sease 
lends to assume a chrome type The disease has in some instances been as ociated with 
■nvol ement of the thy old and symptomsof myxoed ma 

r I u[am« ht — The dise se sets > about a week after the bite of the Kedani mite 
with headache chills and feve of about os F Thee is also p in in certain lymphatic 
gland groups wh ch wiU be found to drain the area ui which is located a small necrotic 
uke the site of the bite of the nute The temperat re continues to rise during the 

nerttwoorth edaysto 04 - 05 F and temamsaia high continuous (ever for about 
a Week when an eruption of irregular dusky maenks appears first on the face and later 
on chest extremities and t unk About the tenth day th (ever begins to go down by 
ys 1 and the erupt n (ad s I jectNuof theconiuccUvae is marked 
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In tick fever nu merous reUpaes »te treqaent la the I uropean {or Caucssiin) and bs» 
common lo the native 

i dle^ Fcxtr — With a sudden nnset And rapidly rising feter which often occurs w 
the early morning hours m a patient who has gone to bed wri! there is a naik 
ediy congested face and neck nith injected conjunctivae and intense headache and 
backache The fever tends to remain elevated for about three days after which there 
maj be noted a fall m temperature or even an wtermtssion This which has bew 
termed the period of calm is often sUght and ed short duration About this time 
the jaundice and haemorrhages show themselves and the temperature tends again to 
nse although ksi marked than with the sthenic fever of the first two or three days 
Of great intfjorlance is the fact that the pulse rate falls with a mamtamed temperatuie 
or does not increase in rate as the temperature rises (Faget s sign) \ very slow pulse 
is quite characteristic of yeffow fever after the third day 

Important in the diagnosis of yellow (ever from bilous remittcDt fever and block 
water fever a the absence el splenic enlacKement m the former In particular must 
It be remembered that jaundice does not show itself in yellow fever until about the thud 
day following wh/ch «e aay have Weeding from the gutss and frlsck vomit 

Mclaena and haematunamayaUo be noted The presence of a marked albuminuria 
IS Oise of the leading tharartetisurs of yellow fever 

Dtse.45es «7rn CatoVAt Onset aso TE*aivATlsa by Lrtis 

halo e at — This disease has a peculiarly insidious onset because with s faitiy hiBh 
terniitem fever it may cause but slight feeling of illness in the patient Rogers tM«t» 
upon the importance of taking the temperature every four hours so that one may rote 
the fact of there being two distinct nses in the twenty four kourt instead of the sirigfe 
evening rue of typhoid (ever 

At first It may be confused with mafana as well as typhoid The spleen becainet 
greatly enlarged by the third or fourth month and later on «e also have enlargement of 
the liver Teriods of fever and apyresia occur irregularly and over a penod of JnwlitfPt 
even longer than a year There ts a matked leucnptnja and the presence of Leiih 
manu efteo in large aumbers in the yiace from spleen or liver puncture futnishes & 
certain diagnosis 

Li tr Xbicisi —In the soolled pre suppurative stage ol amoebic hepatitis the only 
symptom may be an irregular terrottent fever of moderate degree This and a ieucoey 
tosis may be the only points noted In fully developed liver abscess we bave a painid 
bver which is enlarged upward often with pain referred to the right shoulder and a 
crepitation at the base of the tight lung The fever is daimctly hectic m type with en 
evening nse and associated with profuse sweatings The evening nse of temperatafC 
does not usually tend to exceed loj f and apyrexial intervals are frequently observed 
in the fever chart It must be ncmcinbcrcd that bverabscess has been foaodstAutopjv 
where (ever had not been noted A sensalion of chillincsa often accompanies the 
evening rise of teropfralure 

i/flbtf f«er (Undubnt Fever )— In this disease in which the wave like febnk 
periods during every three or lour weeks are so charactenstic as to give it the name of 
febns undulans there is a very insidious onset For a week or ten days the temper 
ature climbs up sttpladder like and then descends IQ like manner to be followed by a fe v 
days of apyrexia with succcedingsnniiarieliqises The cast might suggest an attack of 
typhoid with rebpses 

The course of the disease is attended by rather marked anaemia and phys'to' 
and mental depression Very charactensUc are the fleeting joint pains which invoUe 
chi«2y the iaecs hip ankle and shoulder jornls There art pain and some swetlmg 

but without redness Neuralgic pains are abo common There a oficn « bronchitis 
which whenassociated with the ratb« common night s» eats ol the disease issuggestive 
of phthisis The cardiac muscle seenu to be e^iecally liable to the tone effects of the 
disease so that a weak heart and inttmutteut pulse ate often noted It bas a very 
protracted course of on the average about four mouths 
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alcoholic intoxication and the eaity cardiac ravolTcmeot with very neat and irregular 
puUe may suggest plague even before the buboes appear Films and cultures from 
the buboes wiU furnish a definite diagnosis 

la plague pneumonia there is nothing characteristic about the rather continuous 
fe tr nhicbsets in suddenly and canbnoes elevated until deatl which generally occurs 
about the third or fourth day The marked meutat mvolvement the extreme illn ssof 
thep tient with but slight physical signs of the in olvement of the lungs should make 
one suspect a pUgue pneumonia utding an epidenuc The abundant rather watery 
sputum which later alw ays becomes sanguineous gives us a d gnos s by reason of its 
being loaded with bipolar stained plague baalli This material m y be rubbed on the 
shaven abdomen of a guinea pig to make (he dt gnosis absolutely sure the animal 
succumbing usu Uy within three days to pbgue infection 

In septicaemic plague if such be consdered a distnct type there is very little 
tbatisma ifestexceptafeveriaaprofoundly Ute sou The powersol resistant may 
be so overwhelmed that the temperature response is slight and the chart may not show 
temperature records abo e loo F or loi F Blood cultures (urn h the diagnosis in 
scpiicaeimc plague but in severe intectio s (be pbgue bacillus sometimes m y be seen 
n microscopical preparations of the blood 

5elliil«s niierii — In the vesical type of the disc se *,e may have as a compUcation 
a pyehtis which could give nse to febrile ma ifestau ns In Japanese schistosomiasis 
the disease may set n with fe er a d u Ucaria B fore tbs <* mb atien of symptoms 
was recogmied as belonging to schi losonuas s it was sometimes designated urticanal 
feter 

Sp M Fever e/ Iht Re ky if« inMias —In sp tted fever of the Rocky Mountains 
the (ever climbs up gradually for a week to eeacb its maximum and falls by lysis 
TrencJi Fever— <^ses of v rying types of leve some charts sugge tive of dengue 
ones but generally with repeated relapses occur n trench fe cr 

Inf foreemis there IS n irregular lev»rceu se I rather apid onset extend ng over 
two or three weeks There u vc y bttle evidence of toxaemia Convaleseeace is 
tedious 

Ty/ie <f /ever and the paretyph U /«i ont are fat from uncommon in the tropics 
and may sometimes present cliniatcour esot varunce with those obse vedin temper 
ateclim tes TbetemperaturecbaTtsiosucbcasesate tgular and atypical Itmust 
be remcRibered that paratyphoid infections may show marked gastro testi al symp 
toms «nd that the cose r sb of s eb cases tends t be far mote p ofuse than that ot 
typhoid. 

Ia*j — While fever of « more or less irregubr type frequently occurs at the onset 
of both primary and secondary stages especi fly just before the secondary general 
etupbon yet the Course of yaws as t runs o et months or years is afebnic 


DiSEAStS WITH SbBWOSUAL TEUPEXATITRES 
There are certam diseases in wbicb maiked lowen g of the temperature may be a 
feat re of iome stage The atg d stage of cholera is th t which gi es to cholera the 
picture of a Uvi g death w th the cada etK (eatu es and icy breath Again in the 
choleraic type of algid pcraicio a nialaru we may ha e a subnorm I tempo ture 
In se ere infections of bacillary dysentery we m y ha e cases sboi mg extreme 
toxaemia with algid mamfe taboos and a subnormal temperature During the last 
stag s of sleepi g sickne a a lowering of the temper ture is fai ly consta t In beat 
prostration the tenperature tend to be s bnorinal Clinically this condit on with 
Its pale clammy skin is just the opposite of heat str ke with its tu gid countenance 
a d hyperpyrexia In the Indian type of rd psing lev r we m y ha e a fall to sub 
normal temperatures at the lime of Ibe crisis of the first paroxysm often attended with 
manifestations of collapse Sprue cases (end to run a aubnorm 1 temperature during the 
terminal period 

Nokfesule Diseases 

Among the Donf bnle diseases we may note the following Benben sprue peTagra 
eh lera leprosy amoebic dysentery bookw rm disease filanasis bdhiraasis endemic 



There may be a stnkioj ehmcal aimiUntv to tsutsugamujhj Rocky Mo Bt»m 
spotted fever and typhus fever At present we recognue that all these aod Ubardi'lo 
or Mejican typhus ate forms of Rjckettnal tofectwa 

Tvfhus l-ner—Whik the classical temperature chart >a usually described as one 
With a rapid nse reaching the maumum ^ J03 or to* by the second day aith a 
fastrgium of laelve to fourteen days (oHovicd by a enlical fall yet many cases observed 
in the Balkans show a fairly gradual onset with a fall b> Jysu A stuporous condition 
with about the fifth daj a rash Cut appearing about abdome/) and flanks to soon 
become petei-hal are important in diagnosis Th re is a leueocytosis with nu/ked 
acid staining of the granules of the polymorphonudears 

Diseases is M nica Fcvis Is At I»ro»TAKi FEArrsE hot Ch cs LmtE Ass sia ce 

tt OlACSO IS 

Aneyfiw/owiarij-— The occasional reports of fever being present have been perhaps 
connected nith bacterial infectiao at the site of attachment of the hookworm in the 
intestinal waU. 

BaeiNary Dyttniny — "nie onset may be quite sudden and the temperature rise to 
los F or 103 F There is apt to be some evidence of toaa uia as shown by headache 
slight fiightiness and gastric disturbance The dysenteric stool u of a reddish muco 
purulent appearance and flecked or streaked with blood rather than showing the uai 
formly brownish or greenish gelatinous mateeulof amoebic dysentery In very severe 
bacillary dy entery alpdity may develop mth a cold clammy skin reminding one of 
cholera At such times the temperature u subnortual 

£>id(mis3dUodireshau-s an irregular pyreaia of from tor to 103 f mthjauadice 
about the second or third day 

Ht<a Stroitt — The onset may be as sudden as in apoplexy although there sr< usual'/ 
prodfomaU of dixnness and headache The patient often is union aous s'lth diy 
buningskiQ labored or stertorous breathing anda temperatureof from to torn F 
The hyperpyremal malarial paroxysm often presents much in common with beat stroke 
fnUshnai Poraulet '•'There are maoy conditions which seem to be productive of 
febnie attacks as evidenced by the disapp^ranceof the fever upon remov tng such cau e. 
Thus patients presenting abdom>na! distress and a fever of varying type may be coot 
pletely relieved of all symptoms upon evacuating the larvae of various flies foUowmf 
purgation This condition is designated intestinal myiaSis Abdominal pains and 
fever may also be caused by various helnwitbs formerly consideced Dousymptom 
producing as baa been noted in heavy iuons infections The larvae la nsndenng 
through the large capillaries nay mate pn rmoma 

ilalanal Co hrno —Attacks of an irregular type of fever are frequently noted lo 
the malacul cachectic especially ansirg after some exposure to dampness or chilling 
to alcoholic excesses or to ex essive fatigue Cases are also met with la the tropics 
particularly among natives where there h no (ever and yet profound anaemia and an 
ague-cake spleen This absence of fever might suggest tolerance or evidence of immua 
ity to malanaw the native with such anaenua and Urge Spleen Such ca ts often show 
crescents in their blood and act as reservoirs of virus for mosquito infection 

Aftflorm Fo! owinglreatinenr orevenwhenquininehasootheenexhibited 

casesof caalarii even though a cure has not been effect^ often cease to show cliniial 
symptoms orpositne blood flndiogsuniilarelapsedeve'ops Asnotedelsewhere these 
relapses n which the febrile marufestations are prominent often foi'ow exposure to 
tropical sunlight wetting surgical operation etc Besides such frank Buni/estations 
we may have niimerous symptom* that exhibit penodicity ansmg in the course of 
nonfebrile latent malaria 

Plcfut -—The (ever rapidly rises so that the maximum temperature of 104 F or 
more may be attained on the first day of the disease In general the type of fever is 
continuous with a rather marked remission about the third day foUowing which the 
fever usually again goes up with the appearance of the glandular involvement {bubonic 
plague) In f*t<^ cases the temperature may nse tapidiv just prior to death The 
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Smh AmencoH Trvpanasomias f—^Acote type (t) Usually in children (2) 
Marked puffiness 0! iace (3) enlargement of lympH glands and spleen (4) High 
(e er wah morning lermssion Diagnosis shaaM be condrmed by laboratory pro 
cedures i( possible Such exanu ations should include microscopical examinalion 
ol the blood lor trypanosomes and the inocoUtioa of guinea pigs with the blood A 
complement bxation test has been employed In the chronic form symptoms of 
myxodema and enlarged thyroid have bm reported These symptoms may be due to 
an assocuted endemic goitre and are probably not dependent npon trypanosome 
infection 

Tsutxugamushr.— See typhus 

Tularaetnia.— Tularaemia IS a plague bVe disease occurring in man foUoi mg contact 
aith rabbits or other rodents Characteristic of tufaracm a are (i) History of contact 
withrabbts (2) Local les on on hands bead or eyes {j) I olloned later by sudden 
onset of (ever and prostration (4) SutUing and at limes luppuiati n of lymph glands 
draining initial lesion Animal inoculation and agglutination tests necessary for diag 
D SIS One not immune should not handle any animal 1 oculated uitb P lu/areme 
vilhout extreme caution and ueaeiug of rubber gtoves It is apparently not trans 
Diitted from man to m n 

Typhus Fever — This louse borne disease la characterized by a more rapid nse 0! 
fever and a more stuporous state than n true of typhoid fever nith nbich it uas con 
fused in ibe early years of the lotb century The eruption appears from the fourth to 
aetnth day usually about the fourth day and diflets someuhat f om the eruptions 
of spotted fever of the K cky Mounta s aod t utsugamusbi An important point 
in the <3 agnos s of typhus fever is the positive Weil Febx reaction nith Proteus X 1 
Tht MTUm of Pocky Mounta n spotted fever al » agglutinatts this strain but the 
serum of ttut ugamushi cases d cs not For differences m ggluimation of these 
three d seaiei see p 946 Another labo tiory differe tiat on is the mild febrile affec 
tun noted in guinea pi0 inoculated v,t(h typhus blood «hile the an mate infected vitth 
the V rus of spotted fever of the Rocky Mountains show a very serious or fatal disease 
frequently having necrot c les ena about (he Krotum 

Ulcers— Skin ulcers utuch vary greatly n etiol gy and symptomatology have 
been found in II parts of (be tropics One type has been described as tropical pbaga 
daeni ortropcal ulce These ulcers e most frequently found on the dorsumof 
the foot oier the shm and about (be external malleolus and asinVeldsore upon the 
face and hands Syphil s undoubtedly is (he cause of many ulcers but m addition 
to this disease ne must bear in mind also Veld sort sickle tell anaemia bacterial 
infect ons and leers of rat bite d sease etc The tinding of an inflamed cicatnx or 
the break ngd wn and slough ng Ian old ulcer from six to e ght ueelcsotd nitb sudden 
n et (bead the n»u aandueak essfollovt d by suollen lynvphit c gUnds diaiiung 
the ul er is charact ristic ol tat bite fever or tularaenua 

Ltp y _in nerve leprosy ne often h ve perf aling ulcers ol the leet and hands 

5 ckU ctll An e 13 —The ulcer of sckle-cell anaemia u multiple punched out 
indurated occurs n the shin and is generally secondarily infected In some cases 
there are pains in the h nes and jonts and ster^ror is may he demonstrated by 

rays Gene al gl ndular nl gem nt negative Kahn and low blood pressure are 
found The And n" of (he characlms( c aickle shaped red bio d cells (especially in 
waled fresh preparalio s) is necessary (or diagnosis The d sease is an he td tary 
constitutional a omaly p actically limited to negroes t insmitted by either sex as a 
dom n nt mendeli n characte 1st c 

bier Ike Fa — Syphil s DcDii hod gla d« % and blistocnycosis should be 
particularly co side ed 

Ufcf r rJie Mo II — Syph Its p Ilagra mercury p isonmg scurvy sprue per 
nicious anaemia Vi cents a gina pyorrhoea alveolans bouldbeco sidered. 

UodulaatFe er — The most sign ficant finding in undulant fever is the characteristic 
temperature waves roUowing (he mtial pen d of fever (here is a short afebrile 
interval of a day or so to be succeeded by a sec nd third or many f these undulating 
naves thereby g v ng to (he cond tio itsname Hone er many cases do not show 
this type of f« e The symptom which may give the g eitest a d to early diagn sis 
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bae-nioptysa or paragononuasis liver fiate dueaie maktjal tatbejia yaws vemi|4 
oriental sore and ulcerating granuloma of the ptidenda as well as the vinous trcpin 
skin diseases 

One shouW always keep m mind the fact that a latent mikna e<len pves way to 
(rank malanal manifeslaliona when some sntercurtent disease still further redacts 
the body resistance This is not inftequenUy the Mplanation of a febrile onut in the 
course of a disease typieally afebrile In ihe tropics if a fever chart does not diow a 
characteristic periodicity one can often obtain indication* of periodicity even in a cen 
tinned or leiaitteril lever course by the greater elevation of temperature every third 
day <tertun penodicityj Another disease which often flare* up follow wg conditions 
n bich low er vitality and give* rise to feverand manifestaCionsof to aemia b tuberculosis 
a disease as common in the (roptes as efeewhete Then loo one must aJaaj’S keep 10 
nund febrile manilestalion* not uncommonly marking syphilis This triad of diseases 
makna tuberculosis and syphilis must always be thought of as well as septic <oa 
dititins w hen (ever is present in a disease typicaily afebnle There are cetUiri ettrp- 
tions in the above list which rt»y be here noted 

Amoebie Dyifxttry — Unless complicated by hepatitis or some bacterial infection 
of the amoebic lesions the disease progresses ailhout feier- 

Brfi6m -—There has been considerable discussion as to whether a disease wilb ftvti 
andarash butotbtmiseresetnblingwetberiber) isthrsamediseaseoradistinctdneatr 
entity The fever in epidemic dropsy as st is called u rarely over lor f’ usually 
tanging from op to rot and accorepanying the dropsy 

CAafera — Instead of a favorable stage of reaction there may set tti a condition 
with low miitlenng detinum dry btowo tongue and with an elevated tempersture 
the sO'Called typhoid state which is speedily fatal 

Rarely a rise of 3 or 4 degree* which doe* not bst snore than forty eight hours 
may be present in a stage of reaction going on to t favorable convateseecice 
It must be remembered that the rectal temperature m the aaionly of 
cholera may ahotv elevation of lempefatnte apprommating 100 F while the aadliry 
temperature may be as low as 05 F When there is a grot diSettnee between the 
rectal and axillary temperatures instead of the more common 4 or 5 degree* ef a 
typical case of cholera the prognosis is bad The temperaiure taken by mouth msf 
be as low M S6 F 

leprojy — Smong the prodromaia of leprosy along with epistam feeling of great 
n-cakness wmnaJwice and eccoiionxi sweats tbew may be rtcurnng attacks of fev« 
These are at limes diagnosed as malarial reaoifestalwns With the appearance of 
typical lesions the course is apt to bv nonfebtile with the exception that febrile accession* 
often accompany the early macubt manifestations 

PtUagro — bile there may be slight varutrons ftora the normal yet the ordinary 
case of pellagra fads lt> shovr s distinct febrile course SO much so that the apptaraort 
of fever m a case of pellagra suggests an uafavorabte prognosis In the so esHeii 
typhoid pellagra an acute rapidly fatal form of the disease a high temperafute curse 
may be obtained At the same time this condition has been noted by Italian *nd 
German writers as being present tis paucats not showing any rise in tempe^tsre 
It IS possible that the development gf entenc fever in a pellagrin may at times be the 
explanation of the fever 

Sfifae —While sprue » cej-tainly one of the roost typical of afebnle diseases * 
form of sprue is recognttcd which hegros aa an acute miero<£>btis witb (ever ii»* 
must be most exceptional or only a couiadeBce as sprue is chstactenxed by a very 
insidious onset 

Tetanus — History of wound one or two weeks previous stiffness of neck rcUactwo 
otbead Convulsions with ngidiiybetweeacontracUon* opisthotonus locking of fi'"’* 
Laboratory aids make culture from wotmd animal inoculation 

TtypaflOSOBuasis — Diagnostic (ealnres to be looked for (1) C-landuiarenUrgcmw 
of post cervical glands (See Wint«txiHoin a agn) (j) Deep hyperaesthesia (We 
Kerandel s sign) (3) Lack of menUl conceatratioa drowsiness or sleepiness U> 
Patient lends to sleep all the time ($) Erythematous areas roay be present 
Trypanosomes m gland juice sputaf fluid or Uood 
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There is no quick test for the disease in the early stages but as DuS 
(1941) points out the occurrence of cases nith the foregoing syndrome 
in an endemic area often justifies the diagnosis and prompt application 
of local preventive measure 

Findlay (1941) believes the only certain diagnosis should be based on 
examination of li\er tissue m fatal cases by a competent pathologist 
mouse protection tests v,ilh the patients serum both during fever and 
later during convalescence and isolation of virus 



a pain is the sacro ihac vtgion with sudden and paiafut swellings of joint* iccompatUKj 
by enkcgement of the spleen with •sactnu and cardiac weakness Blond coiture tad 
agglutination tests should be made to confirm the dugnosis 

Urobilmurfa. — fn conditions whete there i* a great destruction of red cells tests 
for urobilin are impottant Ptehn considers the presence of urobihn as of impoftasee 
in the diagnosis of talent malana uhich ss true provided other causes kt ted blood 
cell destructian arc erckdcd Bfackwater fever cases osuaWy show an intense arabdi 
nuna Urobilinuna is tko a sign o! deficient functioning of the liver 

Vetruga — Under the aame Camon a disease or Oroya fever there js a fever associ 
ated with rapidly occurring anaemia and bone paiai and the presence of BarlutcLn 
iactlh/ofmis in the bfood In the tnajoniy of the case* ahielj recover a verrucous 
eruption appears upon the skin Strong Tyezer and Sellards established the etiology 
ol the febrile stage while Noguchi and Qattutiiu who first eiiltiiaWd Sattoneilj 
iaaU formtt show ed it was also the cause of the verrucous stage of the disease as wtB 
and would produce the verrucous lestan* »n monkeys on inoculation TaHOseod and 
Shannon ha\ e wade studies of the putiling ffudcmiology of the disease which » 
restricted to endemic areas an i can be contracted only by being in such a region tt 
night and after eliminating other blood sucking arthropods have incnniaated tiro 
species of /‘Weia/jonwr / urmtarum »nA P nogBckii These midges were collected 
in the codemic area c! Peru sent to New ^orfc and there aiier being emulsified were 
injected into the skin of rhesus monkey* The oigsmsnj eS vtnuga for Oroya fc''«) 
eras cultured from the blood of these monkeys See also work of Ifertig p loob 
Vonntiag — In jeSlow fever voemting of bik sUined mucus occurs early 
vomit if tt appears never comes on before the fourth day 
Vet! s Disease —See infectious jaundice 

■Wintetbottom 8 Sien.— rnlargemeni of the Ijrophatic gbnds especially those «( 
the posterior cervical trungle in (rypaoosoatiasss 

Wrist Drop — \ paralysis of the extensor muscles of the hand and fingers is fouQO 
m aleohobc sseutitis malaria leprous neuntts tenbeii poisoning from atseeie lead 
end mejTury It may be due to trauma as tn musculo spiral nerve injury or it Biy 
follow acute infectious fevers Unilateral wnst drop is generally indicative of mfuty 
See neuntis 

Yaws —la many instances it would require the discnminatwvg mmd of a Jonathan 
Hutchinson to diiTefcatiate y’aws ftom syphilis and m (act this greatest of diagnosticians 
said that if it were not syphilis it offered* very exact parallel If we consider it as* 

modified foiin of innocent syphilis contracted m childhood with *ti environment of 
primitive culture end inoiat heat nc can understani it? aJarost etduSJK iimitation to 
the tropics and to primitive people An extragemtal initial lesion of papular to condj 
iomalous character is followed la 3 or 4 week* by * generaliaed eruption of similat 
lesions lever joint and bone patn* especially ostcocopic are common Ternary 
lesions similar to those of syphilis may occur even aneurysm and cerebral haemorrhage 
have been reported tn a few instance* I cculiar tertiary manifestations are (1! 
Goundou with a subperioslilis and enlargement of the nasal processes of the superior 
manlJaty bancs (t) Gangosa a destructive ecfcerating process involving fissaS isd 
oral cavities (3) Juxta articular nodes which aw connective tissue tumours com 
rnonly located in rcUlwn to joints 

Vellow Fever — The mam points to consider m the diagnosis are (i) 
Presence of vector and reservoir of infection {2) Severe cephaiafgia 
and rachalgia (3) Albummona occurring on 2 nd or jid day (4) 
Epigastric tenderness (5) Lack of correlation between pulse and tern 
persture (see Faget s sign) (6) No clouding of intellect {7) Late 
appearance of jaundice (8) Tendency to haemorrhage espeaalJj from 
gums nose and intestines Sec Chapter Will on jellovv fever for differ 
ential diagnosis 
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tioa of large doses of iron DiSerentiate from ohionic {ost haemorrhagic anaemia 
chlorosis caocer hooLnorm anaemia 

Anaemia Pernicious. — High solume index and high color index Maried amso 
cytosia macrocytosis poikiloeytosis Megaloblaats in severe untreated cases Evi 
deoces of haemolysis during progressive stages Lcucopenia vnth hypersegmeoted 
seutrophiles Blood cholesterol reduced Achlorhjdru after bistamin Reticulocyte 
cris s follows admimstiation of potent h er extract in severe cases 

Anaemia Posthaemorrhagic Acute —Features of hypochromic anaemia present m 
moderate degree Usually reticulocylo is leucocytosis and increase in platelets 
^otmoblasts may appear after third 

Anaemia Posthaemorrhagic Chronic —Features of hypochromic anaemia marked 
Lav color and saturaton index C tdenc s of regene ation variable In bte stage 
may show aplastic t^v* of anaemia 

Anaemia Sickle CeU. — Seal fresh moist preparations and observe for i to 24 hours 
for sickled red cells (Rare in st ined nlms ) Se ere cases show many normobl sts 
reticulocytosis leucocytosis increased pi telels Look lor macrophages containing 
red cells Roentgenograms of skull may sho cha ges I mited to negroes 

Anaphylaxis. — See Hypersensitive ess 

Aneylostcmiasis.— Examine fa ces by concentration methods for characteristic 
ova (See p ij66) Examine Wood (or anaemia (hypochromic microcytic) and 
eosmopbiha 

Angina, StreptocoeeaL— Mai cultures on I oSers serum and blood agar plates 
Stain films with LOfflers methylene blue and Cram Dilerentiate Iron) diphtheria 
and Vincents angina 

Angina Vmcentt.— See Fuso-spiroebaeiosis 

Anthrax— ( ) Malignant pustule Cxaimn maten 1 from pustule directly in 
stained films and hanging drop (or large Cram positive non motile b eiUt Culture 
on agar Inoculate a mouse 0 gui «a p g subcuia e usly Blood cultures rarely 
positive (s) Woolsortets dsease Fxanune sputum in a s milar way 

Aieafis Infeebon —Examine faeces for char ctenst c ova Worms occasionally 
found ID faecei or vemitus 

Balantidium Infoctioa.— Look f r U > e in tile abates in faeces 

Bantis Disease —Moderate to severe anaemia usually hypochromic in type 
Leucopenia Test fragility of the ted cells to exclude baem«l;^ie jaund ce ^^ake 
van den Bergh test and deCetmine icterus dex Test bver function Examine faeces 
for occult blood 

Blaekwater Fever — Haemogl binnna p nk foam to unne test f Urate (or haeuio 
globin spectroscopically and by benzidioe or orlbotobdine test Malarial paras tes 
found in thick blood film n some cases Leucopenia M nocytosis Ezami e blood 
serum (or haem globin and bilirubin (vsd den ^rgh test) Donath Laodsteiner test 
negati e 

Blastomyces s. — Examine tputnin pn orsetapi ga from roa gins of ulcers in in'" 
KOTI for spherical budd ng ye st cell w ih highly ref tile double-contoured walls 
M ke culture on glucose ag r plates 

Botubsm —Inject an 1 fusion of (be su pect d food into a guinea pig If p stive 
animal d es after bulbar and pap tlary symptoms Culture anaerobically on glucose 
agar Culture may be kept in a dark 1 1 ce at room temperature 

Brucellosi — ^iake bl od culture at onset of f bnle paroxysm incubate in atmos 
phere of CO Male culiu es fr m un e faeces and local foci in special cases 

Guinea pig inocul tion sometim $ successful After fifth day make aggi ii ation 
tests titer of - 00 or over s disgnosf c It dermal test with vacci e Relative 
lymphocytos s ofle leucopenia Differentiate from typhoid fe er tuberculos s 
maUna kala a ar 

Cerebrospinal Fever — See Mem gitis meningococcus 

Cestode laiecboos. — Examine faeces for ova wh ch ate not always present If a 
segment is obtained pres between two glass si des and e amine the branchings of the 
Uterus 
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LABORATORY PROCEDDRES BSEFITL IN DIAGNOSIS, 
INDEXED BY DISEASES 


Tins mdes has been compiled to assist in the selection of bbotatory procedurn 
which ate likely to be of value in tbcdia^osis of the diseases listed particularly Itose 
» hich can fiot be tecogniieij by their cUmcal features alone Only those of major uspor 
tance in the tropics are jiven The statemeats >» the jade* apply to the average rase 
and many are subject to limitations or quahficatioRs for nluch the text should be 
consulted To be of salue laWatory tests must be perfufmed with such preosioo 
that the ptobahle lecKaical error » well within the limits of the physiological vsnation 
The results can be interpreted twrectly only in coajuRction b ith all the laloriaxhoo 
available concerning the patient This respoasiliclity belongs to the ehniciin aod 
should not be expected of or entrusted to a laboratory technician 

Abscess Ot 1 /lVtr Atooebic. — Vspirate contents asepticaliy and culture on blood agar 
plates (no ^nth unless secondarily infccTcd) Pus resembles anebovy sauce StaiofiJ 
films usually show deintua with few pus cells Amoebae found sn fresh preparations 
usually only after drainage has been established Examine faeces for trephoroites ami 
cy«5 Moderate neutrophibc leucocytosis if acute Monocytosis Roentgenogram 
Abscess laiog —Sputum abundant purulent often foul may layer on standing 
Culture aerobically and anaerobically Siam by Gram and Ziehl Neeben methods and 
examine /reih material for spiroehaeies and fusilorm bacilU preferably wtth dark £eW 
book also for amoebae and for elastic fibres Exploratory aspiration m some caw 
beucocyiosis Roentgenogram DiHerentiate Iroro luberculoiis fuomi infeetiws 
ruptured liver abscess tumor 

Abscess Tuberculous —If stained films of the pus ace negative for pyogenic organ 
isms stain for acid fast bacilli Concentrate with alkali if necetaary Make caltUKS 
and inoculate a guinea pig Leucocyte count varuble Sedimentation rate increased 
Aeidesis — If possible test COi combining power of plasms Alletaadvea Test 
COs tension of aUeoUe air Measure titraUble aadity + ammonia output in unns 
DeternuBC tolerance for NallCOj Look lor ketone bodiw in unne Test^Hof unoe 
Ammotua in urine increased at expense of urea 

AflifiojnycosJs.— Look for jfliow SBlphur granule* in pus or sputam Frrw 
out granules between slides and slam by Craraa method The central mycelium » 
Gram positive while psnpkeri) dubs are Craa* negative Culture anaerobically 
(Seep 1183) 

AgreauJoej^osea (MaUgatat Neutropeni*) — Leucopenia beconung csiceoe 
with disappearance of granulocytes Rcdcelb platelets coagubtion factors usually 
normal GraBaloeyles in msmn greatly reduced Male Wood culture to exclude 
sepsis Stain films for Vincent* organism* Differentiate from ecj? 1$ acute teuw 
penjc lecikaeroii andjaplastic anaemia Ascerlaio if dre^ such s* pyramidpo or the 
sulCotiarrudes have been ingested 
AUergy— See ffypersensjuvefless 

Amoebissis — Note gross and mictoiti^c appearance ol the stools (Set pp 
SCo) Csaouae faeces for trophoxoiies and Q^ts >f*y show monocytosis Differ 
entiate from bacillary dysentery and chronic (non ^leafic) uicerative cobtts 

Anaeinis Apiashc. — Qualitative changes ut ted cells slight No signs of legeccra 

tion Marked neutrophilic leucopema and thrombocytopenia with purpura Sternal 

toarrow shows few erj-throblasts or myefocytes 

Aaaesma Haemolytic —Positive ui^i^ van dtn Bergh High tctems index 
Grobilm increased in urine and faeces RetJCafocj tes usually increased Leucocytosi* 


In fulminant cases look for haemoglobmum 

Anaessua Hypodiroouc — Cells very pate esrally small Color index ana jatura 
tjon index low Corpuscubr volume usuid^ low Icterus index normal or low 

Amtecui Iifcops^c Hypochromic — latgcfy hiaited to tromen *0 to Jo ?, 
Usual features ol hypochroimc anaemias xuaiked Leacoptma frequent Subaadi y 
Of achlorhydria usually even after histaitun lettculocyte crisis follow* adnumstra 
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Djstntery Bacilkrr — The sangmnolent mum contaias many pus c«lls and many 
phagocylic (ndotbelial cells Emiiblfy mucus in sterile b oth or salt solution and 
plate uTea^e Endo or desetyebolate <>t ate medium Id nti£y organisms isolat d 
by agglutination with immune scia Neutrophilic leucocytosis After 7 to 10 days 
male agglutmati n tests 

Echinococcus Pisease —Examine fluid fr m cyst for booUets FosinophiUa 
Make complement fixation precipiun or cutane us tests with special antigen (See 
p IC78I Poentgenograma 
Elepbanbasjs — See Filanasu 

E&tentis Tuberculous — Stain smear ( om faeces for acid fast baciUi There are 
often present in faeces acid ( st sp re hie bodies nhich should not be mistaken for 
t b«rcle bacilli Tubercle bacilb may be pres at n f eces ahen there is no insoUe 
ment of intestine (attalloned sputum parti ulaily in children) 

Eosmopbilia — t/iok for ova of int stin I ; arasites in face s 1 0 k for evid nee of 
trichinosis hydatid disease filanas s anous skin di eases asthma and other allergic 
reacti ns and lesions of the bone marrow 

Favus.— Pl ce hair or portion of lavus cup on a shde a d examine m o'” KOU f r 
mycelium and spores nbeh are very 1 regular 

Filaiiasis. — Examine blood (day and n ghl) for Ur ae ither m fresh mo st prepara 
tion or better in thick films stained by Ciemsa (Id elepha tiasis larvae are often 
absent from blood) Aspi ate lymph vanx or hydrocele and examine sediment lor 
larvae Examinesedimentelebylouaurineorascitiefiuid Often eosin phil a Com 
plement fixation test emet mes p sit ve w th special antigen 

Flagellates Intestinal —Examine faeces emulsified n salt soiut on (or motile 
fiagelUles Emulsify a other potion in Crains solution to study flagella Stain 
smear nith Ciemsa s stain for encysted f ms nhicb m y be co fused mth Blaste 
cystis (h e pp 461-470 ) 

Fusospirochaetosii (Vmcest* Aegitm aad Stomabbs) — hum films / u terial 
from the depths of the leson with dilit carb I tuchsi or Fontana t stain (The 
ipicechaetes and fusiform bacilli are p e ent in la g numbers a few may be present 
la normal mouths) M ke cultures on Lofllers serum and blood agar to exclude 
diphthena a d streptococcal infe li 0 1 xamine blood to exclidc leukaemia and 

agranul cytie angi a There may he a marked lymplocyiosis E elude sypbibs by 
ttasserma nor Xabn test In pulm naryinf <ti ns examtoe ^er/ert/y/rerl sputum in 
sta ned films and dark field preparali ns See Abcess of lung 

Cas Cangrene —(I fectioDsa e usu lly inieed important r tiisms are Cf uelt* « 
Cl oedenef ns and Cl pedtmalit maltfm Tr ciseident fication difficult but important 
because of serum t eatment ) hlake ba ging drop and stain smears from ex date by 
C ram and for capsules (All are Gram p sit ve Cl *tUI 11 is encapsulated and non 
motile the other tno ate motile and non-eacapsulated ) Make anaerobic cultures in 
litmus milk and glucose agar tubes (C( « fcAii causes gas formation and disruption 
of tl e tube over n ght ) Blood cultures ( naeroUc) may be positive 

(landers — Smears from pus sb w charactensl c Gramnegatve bacilli parallel 
beaded rods Culture on acid glycei n agar and potato Inoculate male guinea pig 
intrapcntoneally (See p 73 ) Compl tnenl fixation and a glutination tests may 
be posit e (Afalle n tests in animals) 

Gonococcus Inlectioa — Cram s stai ol smear f om urethra cervical canal or eye 
shou 8 intracellular CramDcgatis dpiococa Alake culture Complement fixation 
test useful in chronic infections 

Granuloma Venereum —Sta n kt pi gs fr m ulcers f r Donovan bodies in large 
mononuclear cells (W ngbl or Giemsa) 

Haematuna. — Examine sediment for red cells Apply orlbotolidine test 
Haematuria Egyptian— (S e Sch stosomiasis) 

Ha moglobinurii. — Exami e (enttifuged sediment for intact red cells Shadow 
cells may be found with much debns Test filtered unne { r baemogl bin spectro 
scop cally and by benzidine r orthotblidine test 
Hookworm Infecfion. — (See Ancylost uuasis.) 
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«^anwo 5 <J—DucMy* BaciUus— Examine smears for short Gram negative twco 
bacilJj occarnng in chains Culture njslcmf asprited from bubo la sterJe ciotud 
human or rabbit biood which has been jnaclivated at j6 C for 30 mnules Smiree 
and media must be warm 

Cbioresis —Jfypcchromic mKtocjfoc anaemia soinetiines severe m adokKtnt 
girls Low saturation index Castnc acidity normaJ DifferentiaJe /rom chmnic 
poathacmorrhagic anaemia 

Cholera.— Smears from decks m nee water stoob show many vibnos with fish in 
stream arrangement Culture on Djeudonn^ plates If sparse use funeJuneet 
method Identify organisra svilh cholera immune serum After fourth day test seram 
for ai^latimns Intense deijtiration with high blood counts high plasma protejns 
and high speeiCc gravity of blood Anuna with high aonprotetn blood niirogen 
Acidosis from loss of base Depletion of chlondcs DiUnertliate from food poisonings 
arsenic Of aRttmonypoiiomog baollary dyscnlery algid pemiaous mafana 

Cbyluria — Centnfage unne and examine for filarial larvae Examine blood at 
night for filarul larvae (not always present) Unoe contain* many highly refractile 
fat globules soluble m ttbet 

Cirrhosis of liver —Do Wassetmann or Kabn test Icterus index and isn den 
Hergh test Test unne for biliruhm wid uiobilm Mile tests of bver function and 
Takata Ara teat nr deterrruoe A/C ratio iMmrfle/aecesforoccuJf Wood taiecases 
may show tnacrucj tic Kiaemia (See also Dantt a disease Luer Becmitsol) 

Coccidioidal Grtnuloetui —Examine pus or Krapings from ulcers m 10^ KOll iof 
large yeast bke cells which may tonVam endospores Biopsy tS necessary Culture 
on glucose agar Make blood culture Exclude tuberculosis by repeated stains 
cultures and guinea pig inoculation (Seep t<S 3 ) 

Celibs Chjooie Dice rabve —Examine farces or prrferabJ/ Krapings from ulcen 
(protoscope) lor pus blood mucus Exclude amoebic and bacillary dysentery by 
fresh natm stage preparations cultures and agglutination tests ^eu(rophlhc leuco 
cytosis often xeeondary anaemia increased sedimentation rale Koentgenogranx 
Cobbs Mucous ( Spxsbc Cobbs ) — Cunune farces for mucus in large masses 
containing epilhebal cells often eosinophilw no pus cell* no blood ^o feueocytosi* 
normal sedimentation rate Roentgenograms 

Coma —riainine unne for eugar ketone bodies albumin casts blood Examine 
blood for eugar CO combmmg power non protein nitrogeo or urea and a sperial 
cases for akohal and CO Considet possibility of other poisons Remove spinal fimd 
cautiously examine especially for pressure presence of red cells and xaBlhochrotnia 
(lubaracbnoid haemorrhage) Make Jeucocyle covnt and Wood culture if febrile 
ConJusKtiTtbs. — Stain smear by Grams method and with dilute carbol fuebsin 
Culture secretion on blood agar and plain agar (Seep i6Sl} 

Dengue — heotropbilic leucopenu 

Denaatomyeoscs.—ExacBinc scmpwgs from skin w lo^' KOH for fungi Culture 
OR Sabouraud agar 

Diphtheria. — "Make smears and cultures <m Loffler s serum or whole egg medium 
Stain by Cram s and Laffltt a or Neuser s inetbod Look, for parallel rods containmg 
polar granules In special eases tsokrte on tcUunte Wood agar end isjtct guinea P>* 
with broth culture filtrate as test for vinilence Make Scfuct test on contacts Dd 


ferentiate from streptococcus and \ inceat s lofeetwns 

Diphyllobotbrjum Infecboti. — Opetrulated ova m faeces If segments ate obtsineo 
press one between two glass slides end look for characteristic rosette shaped uterus 
JilactoeyUc anaetnia eccofs in rare insUnces . 

Drxciurculus Infection —Moisten Mister w uker with s few cubic ccniitaelew t>l 
water Examine fluid excreted by worm forsinated larvae 

Dfseotery AmoeWe-— Examine imiais fnwj fresh warm stool (warm stage) for 
amoebae actively putting forth blade Lke pseudopodia If necessary pass rectal tube 
nve sabne purge or scrape base of idcer through a proctoscope Pathogenic emoesa* 
o/Cen canUia red cells Examine fatces for tow nucleated cysts Smear of faeces 
shows granular detritus often Chacccrt. Leyden oj^lxls no pus cells Moot>cyto«« 


No eosinopbib* 



t-ASOKATORY PIACV05IS t68l 

niih leuciR and tjros n cr) slats t)suaD> only after concentration Ilifah non protein 
nitrogen with loi urea m blood IIyposl}cMinM Decreased fibnnog n Prolonged 
coagulation time Decreased edinentatiira rale \cido is rnay occur 
L}rmp&ograjiuJo]ii« Icguutale — Fm lest 

Madura Foot — Discharge contains bsb roe granutes which show rnycel urn and 
penpheral dub hke structures 

Malaria —Examine thin films stained by Oiem a or W r ghi 9 stain II negat ve 
stain th ck films To idenc fy n object as a oiabr al parasite in stained films one 
sh uid be able to malLe out at (cast two f three characters (i) ch omatin (a) bluish 
or greenish cytoplasm anl fj) pigment Ceescents are diagnostic for malignant 
tertian equatorial banding Jo quartan Marked irre ularity ol outline ol para ite 
and the presence ol SchulTner s (reddish) ilof to c toplasm of red cell: suggests benign 
tertian Leuco[enia with monocytosis LtucocytoM during the parosysins Anae 
mia of haemolytic type 1 lasma globulin i eas 1 hbout 15^ show posit ve 
llassermann rea lion during leb ile pt t ds May try provocative procedur s Jn 
specialc ses make sterna] (or pleotclpunciur Totestabsorptionofquinioe evainioe 
urine by Tanret s Cina s or Andre s tests 

Meningitis Memngocaecos — niood cultures oltcii po itive in early cases and in 
simple meningocoecaemia bpinaJ fluid purule t under hi h pressure Culture 
< im J /e/yon warm bloodagar rxanune stained nfinf rOramnegali ei tracellular 
or extracellular diplococci >Iud gives a pre ipiun reaction with polyvalent anti 
mewngototcusserum M cloud) fluid vs oVuvoed t aslerme SyrevommeBdedtogive 
secum immed atety ftowever serum it aimcnt is now g tierall) not tee mmended 
Circular fit (Dec S 94ol sued from the Otflee of the burgeon Oeneral of the D S 
Army recommends sul/aiulamide o alt) as the drug of choicr Neutrophilicleucoeyto 
SIX DiOerentute from s pcic menmgiti lubcrculosi meningitis poliomjebtis 
eneephahli: bei ign lymphocy tie cbonomeningins Detect carriers by cultures from 
post nor nsiopharjot 

Mereury Poisoning.— examine unne or gastric cont nts for mercury Examine 
unne for olume (oligunal albumin ca ts renal pithehua Determine blood n n 
pr lent nitrogen 0 urea and crestiiun If severe test for acidosis Renal function 
tests show impairment 

Myxoedeina -- B s I metabobc rate reta d d (to Blood shovt high 

cholesterol low glucose Lov flat glu 0 e t lerance curve Anaeaua either macro 
ytic or hypochromic irucrocyiK in type Often lymphocy tosis 
Kephntis Acuta and Chronic — f amine unne especially for albumt i casts blood 
and pus cells The presence of blood and red cell casts ndicaies an acute p ace 
In acute cases to k lor streptococcal th o I infection Test r aal function Det r 
cuae blood non prole n n Crog n or urea and if high cr alinin or phosphorus If 
imp I ed dete mine bio d chloride or ba s and lest foracido is Anaemia common in 
advanced stages f^e Nephrosis ) 

Nephrosis” — Nephrobc Stage of Glomerular Nephnbs — tismine unne 
Oligun hgh fixed sp fi gravity marked albuoununa many casts epithebal cells 
with doubly efractile fat droplets pus elk but few o no red cells ChJonde excretion 
letJuced 1 hthil in xcrelion Dormal Blood cholesterol very high pla ma albunun 
reduced A/Gr toinverl d Chio ides nay be high No itrogen retention Congo 
red test po it ve Sed m ntation rate much accelerated Basal metabolic rate 
retarded Anaemia c mmon I.0 k for d nee of inie current infections 

Ocular lofecpott — It is non ecogn xed asadv sable to male an examination for the 
Bn umcirerit j be! r performing operattons o the eye as serious results may follow 
il the Pnev or e « be prese ( It s the rg msai mo t frequently resp nsible for 
infect on after cataract op rat o s It 1 f equentJy f und in dacryocystitis and in 
the ase of traumatism may bring ab ul pan phtbalmitis 

The Pae mac c us s a fa rJy ommon can e of se piginou corneal ulceratiors for 
wh ch Clive ireatm nt is nece s ry Cornc 1 ulcerations a e not apt to appear even 
with a pneumococcal conj n U it s u le s there be an inju y of the epithelium 

The p)ocyan us bacillus may ca s se ere pu ulent kerai ti: as well a: conjunc 
tivius The pyocyaneus toxin appea s to be a factor in the production of the les ons 
observed 
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H^ersensitiveness.— Trst for byperseoaitiveness to pollens anima! hair foods 
etc by cutaneous tests or intrantUaeous uijeclions of suitable extracts or in special 
cases by patch tests To determine if a patient js sensitized to a serum inject mtn 
deriiiaU> o I cc of a i-io dilution of thesemm If he is sensitized an urticarial wheal 
will develop within loor ij minutes A drop of serum in i-io dilution may be instilled 
into the conjunctiva (see p 1567) Sensitiaation to quinine may be shown in occasional 
cases by the production of a w heal shortly after 10^ solution of a qumine salt is appLed 
to a scratch 

Infectious Mononucleosis — Leucocytosis with high lymphocytosis (up to 90^) 
Many pathological lymphocytes (May not appear until several days after onset and 
may persist for months ) After j to 10 days test serum for heterophde agglutinins 
for sheep red cells 

Influenza.— Leucopenia and granulocytoperua Frequent secondary infections 
particularly of the respiratory tract 

Intestinal Parasites — Lxaroinc faeces for ova 

Jaundice Catarrhal (Hepatitis) ->-Test unite for bile High icterus index Positive 
van den Sergh reaction type variable Faeces show diminished or absent bile pig 
meats increased fat Test liver function Differentiate from infectious jaunice 
arsenic and phosphorus poisoning types of obstructive jiundice 

Jaundice Familial Haemolytic —Usual features of haemolytic anaemia marked 
Fragihiy of red cells in hypotonic salt solution increased Reticulocytes much 
increased Red cells have normal volume but diameter is small (more globular than 
normal) I.00L for evidences of cholelithiasis 

Jaundice Infecuous (Wed a Disease) —I zamine blood (first 3 days) for lepto pira 
in stained films or dark f eld prefarations (sparse) Preferably inoculate a guinea pig 
with t to s ce of blood in traperitoneally and at autopsy examine Ihehver forleptospira 
Blood cultures may be made in Fletcher a medium and incubated at 3$ to 30 C Alter 
the twelfth day examine unne sediment forleptospira by smear and guinea piginocuU 
tion If tock cultures are available after 10 to 14 days patient s serum may give a 
positive adheai >n phenomenon or agglutination or protection lest Leucocytosis 
Kala Azar— Culture blood on VNIV mediutn Search lot leishmama nithui the 
leucocytes and monocytes in blood films either directly or from the buffy coat in which 
the leucocytes are concentrated after centnfvgaliaation of atrated blood If not 
found examine material obtained by aplenu puncture or more safely by puncture oJ 
the liver or sternal bone marrow (TTiey are found occasionally in excised lymph 
glands or aspirated gland juice ) Blood globulin markedly increased Wake formol 
gel and antimony tests ifarked leucopenia with relative monocytosis Differentiate 
from brucellosis typhoid and paratyphoid fever Banti 5 disease chronic malaria 
leukaemia 

Lead Poisomug —If exposure IS recent examine unne for lead Blood shows eatly 
increase in reticulocytes and many stippled celb later anaemia in acute cases severe 
and haemolytic in type Fragility ol red cells decreased Often neutrophi ic kuco* 
cytosis I xacoine unne for albumin and cast# In late cases test renal function 
Leishmaniasis — See Kala azar and Onenlgl sore 

Leprosy — Dugnosis depends upon demon testing leprosy bacilli in smears stained 
by Ziehl Neelsen method Decolorize lightly ivith 3Q% aqueous IliSOa Morphology 
chatactenstic Usually abundant m inaleml from granuloriata or scrapings from 
ulcers especially from nose If no lesions are evident examine scrapings from nasal 

mucous membrane or skin clips from ear lobe Cvamine blood during febnie periods 
make thick films dehaemoglobini e and stain as above or stain films from sediment 
after digestion with alkali Cultures and animal inocubtion u eless except to exclude 
tuberculosis AV assermann reaction positive in about 60^ of the cases 

Leukaemia Chronic Myelogenous — Total leukocyte count usually from aooooo 
to 500000 with a large proportion of myelocytes In terminal stage many myeo 
blasts Progressive anaemia ^orIIloblasl? nearly always present often numerous 
Platelets increased Basal metabolic rate increased Blood uric acid high 

Liver Necrosis of — Test hver fuuclioB Bilmibin in the blood is increased Uio- 
biLnuna present In advanced stages shows Increase in ratio of JvH /urea jn untie 
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Dt loJex may cause an obstinate blepharitis 

For xerffhlialmia and n (hi blind ess due to deficiency of V itanun \ see p lojo 
Oedema.— Esamint unne for evidence of mentis lest leitaS function Deter 
iDiae plasms proteins A/O ratio blood chlondes 

Onchocerciasis — \spirate fluid from a nodule and looh for motile larvae m fresh 
preparation or stain by Giemsa Ifnegative excise a nodule and look for adult norm 
or (very numerous) larvae Clip oSa bit of tkinor conjunctiva moi ten m a few drops 
of salt solution and look for tarvae (Larvae are not present id the blood ) Comple 
ment fixat on test usually unsatisfactory 

Ophthalmia Keonatorum. — (See Gonococcus Infections ) 

Oriental Sore — Examine scrapings from base of ulcer for Leisbman Donovan bodie 
Stain nilh \t right or G emsa Prefe ably obtain matenal by aspiration by puncture 
near edge of ulcer If bacterial contami ation c n be avoided culture on NNN 
medium In espundia obtain material also from adjacent lymph nodes by puncture 
Oroya Fever — Acute rapidly develop ng ba melytic anaemia Kod like organism 
Barlonellabaeill/ofit in red cells 

Paitgonumasia- — bxamine fresb sputum for b bt yellow operculated 0 a averag 
ing 90 by 6j|i Also for pus blood elastic fibres Exclude tuberculosis 
Paratyphoid F«*er —Examine as lor typhoid feve 

Fiedra. — Examine hairs for small gnity masses wb cb cons st of spores arranged 
like mosaics about hairs 

Plague — Bubonic Type —Examine material obtained by gland puncture for P 
ptslis Staia amears culture and inoculate a guinea pig to identify Pncumenie 
type Examine the tbiD «atery blood tinged sputum in tb sameoay Toebtampure 
culture in eulate on unbroken skin of animal S ptue m tip Make blood culture 
P lu may be aulbaently numerous to b found in blood films Leucoejtosis Dif 
ferentiate f om tularaemia 

Purpura Ftaemorrhagica (Thrombocytopenic) —Platelet count reduced Bleed ng 
time prolonged Clot retraction impaired Tourniquet test positive Coagulation 
time usually no mal May show secondary postbaemorihagic anaemia Leucocyte 
count variable See Onyalai p c js 

Rabiee^keep d g nhicb has bitten patent alive to observe symptoms If dog 
has been lulled make amears from cornu Ammonia and sta n by Ciemsa s or M nn 1 
stam for gri bodies (See p 6oj } 

Relapsmg Fever— Exami e blood for spiroebaetea with d k field or India ink 
method or in smea s stained by \\ right a sUin (They m y be absent from peripheral 
blood dun g afebrile penod ) If not found inoculate a mouse nd examine its blood 
after 24 and 48 hours Neutrophilic leucocytosi in acute cases D fferentiate from 
malaria yellow fever ^^ells<lls use 

Rickets —Bio d phosphorus usuaDy low calcium normal In some cases calcium 
IS low and phosphorus normal Prod ct of Ca X P is bet w 40 and often below jo 
Blood phosphatase increased Examine blood for anaemia Roentgenogram 

Rjckettaial Infechons —In eulate nearly grown male gui ea pig mtrapentoneally 
with cc of bio d obtained duru g f bnie period Take temperature of pig regularly 
and natch for febrile leacti n after 5 to ad ys tefa for swelling of scrotum and 
examine scr pings from tunica vaginal s (o Rickettsiae (Mooser bodies) Examine 
b am secti ns for amall prolifer live nodoles and penv scular infiltrat ons (See 
Table p 046) Test serum f pstienl after 7 days f agglutin ns for Proteus OX 19 
(UeilFelt) Moderat neutr pbii c le cocytos (Seeal>op 946) 

Rocky Mountsm Spotted Fever — (See Rickettsi 1 Infections ) 

Scabies —With the aid of a band fens e amine the infected skin for a black bne 
"•■hich B.vika vbt Vom. i ( r the p» asAt The (emaVe can be (tremfi a^ the end oi the 
tunnel and emoved If paras te is not found lookfor ova in scrapi gs from skin 
Schistosomiasis. — Examine unne and faeces for ova particularly m masses of 
blood t nged mucus Blood in u me Examioe blood for anaemia and eosinophiha 
In late stages te t b er fun (ion Complement fi at on reaction sometimes pos live 
uilh special antigen 
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The Gonococcus and the Koch Weeks bacillus are usually responsible for the very 
acute cases of conjunctivitis Both these orgsmsms are characteristically intracellular 
and are Gram ne^tive 

In a gonorrhoeal ophthalmia the secictiofl it much more abundant and there is 
an absence of contaminating organisms the reverse of infection with the confusing 
A catarrhalis As a matter of fact large numbers of > tatarrhahs may be present la 
the conjunctival Secretion wjth only slight imtation being obsenaWe CooorrlwfjJ 
ophthalmia seems to be remarkably infrequent in the female children With gonorrhoeal 
vulvo vagmitis Gonorrhoea frequently long after the acute urethritis may be 
responsible for iritis in men (extremely rare in women) 

Intis and iridocyclitis are most often due to a focal infection but ja the presence 
of a positive W assermann reaction a syphilitic origin must be thought of 

ConiunctivitiS in the course of epidemic cerebrospinal memngitis and even panopb 
thalmitu have been found to be due to the ittnifi[ecoccus 

The diplobacillus of Morax and \scnfeld u more common in chronic rather dry 
affections of the conjunctiva chicQy involving the internal angle and showing a morning 
accumulation of the secretion Ihe bacilb are found in twos more rarely in short 
chains They are generally free but may be found in phagocytic cells They resemble 
Fnedlander s bacillus morphologically but do not have capsules 

In cases of ozaena with involvement of the nasal ducts I nedlinder s bacillus may 
be found 

Even in cases without ozaena capsulated Gram negative bacilli of the rriedlander 
group have been frequently reported in conjunctival mHammation and in dacryocystitis 
as well 

The nodules of the eyebrows give the most convenient area from which to take 
material in the diagnosis of leprosy either the fluid expressed after scraping or a piece 
of tissue cut into sections Conjunctival ulceration m leprosy may show abundant 
bacilli as is also true of corneal ufceration 

Ordinarily it ts impossible to find tubercle baciUi m tuberculous conjunctival 
discharges 

The discharge from a tuberculous dacryocystitis may show them satisfactorily 
Ammal rnucolatwn is preferahfe « Ihe diagnosis of ocular tuberculosi TkoPMune 
coccus IS however, the most impottani organum in dacryocystitis— rarely the colon 
bacillus 

Choroido retinitis uveitis and other inflammatory lesions are frequently associated 
with a strongly positive tubercubn reaction and are altributed by some to an allergic 
reaction to products liberated from tuberculous lesions in other organs 

P ru/arenrir— ^\herry has reported cases of ulcerative conjunctivitis with lym 
pbadenitis of cervical glands fever and marled prostration due to infection with this 


organism 

In keratomycosis the cause has been aKnbed to Ir^ergiffns /umifalas 
Trachoma is nov believed to be due to a filtrable virus The trachoma bodies 
are a type of cellular inclusion body 

A conjunctival irritation may be allergic in origin and in such eases the smear from 
the secretion often show s the presence of eosinopbtles 

Animal Parasites — The larval form of Taenia sofivni {CysUcercus ctUulosae) has a 
predilection for eye as well as brain It is usually situated beneath the retina 

Tie question as to (he enlace ol tAesa aScdo^hilascc Sukos is tskas opsssici 
trematodes Echinococcus cysts hare been repotted sn the orbit 

The adult Lea loa tends at times to apjxar under the conjunctiva or m the sub- 
cutaneous tissue of the eyelid 

The larvae of Onchocerca lohutus may be present (in chrome cases) uj the cornea 
and other tissues of the eye causing a cbaractenstic punctate keratitis mtis and 
eventually blindness 

Fly larvae have been reported from the ainjuDCtival sacs in the helpless sick species 
of larval sarcopbagids having been repotted as invading the conjunctival region m 
purulent ophthalmias 
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cyst a btaod agir Attet the first *eek tett blood lor aeglutinins Diflerentiate Iroia 
Brucellosis plague 

Typhoid Feeex — \euirophibc leucoprau idatue lymphocytosis eosinophilej 
rtducfd or absent Blood coilure asu^ly positi>e during the fi st s\e«k latw less 
fretjutntly obtained Culture unae and laeets on Endo Teague oi bismuth sulphite 
snedium Make ag lulination test after 7 to so days la suspected carnees culture 
unne and faeces or ducidenal contents Differeatute from paratyphoid fe er btucel 
losis malaria typhus milury lube ruloss bver abscess kalaazar 
Typhus Ferer — (See Rickettsial D seascs ) 

UnduUnt Fever — (See Brucellosts ) 

Utinaiy Tract fsfeetioss — Lxamint sed snent iminediattly in bangin drop and in 
films sta ntd by Gram Collect sj tciiucD vilh stenle isrecauttons 01 by catheter and 
culture on agar and blood agar plates In speeiat cases sea eh (of tubetek bacilU by 
sUiu and cuUara and contitm by goiota (ng utootUiNR D gut stdtmth). in alkab t( 
abundant or contaminated 

Var Wounds — Films stained by Cram should be ecamined and cultures prepared 
both for aerobic (and by the No > )»t> loi anaerobic micro organisms The presence 
o{ the gas bacillus Cfosl d n vtUh i cao be denwnstraled by ifioculatisg coatenal 
intostubeoi litmus milk beadngiitoSo C (otanhoue and incubating t anaerobically 
for 1} to Shouts If this otganisDi IS p esent (he so-called stormy fe mentatwo 
results It 1 rwt produced by other anaerobes 

To obtain pure cultures nocubie j ore cc of the 1 hey int the ear vein of a rabbit 
After 3 minutes kill the rabbit and place tbe ar ass in the incubator for 6 to 9 hours 
The bod) should become distended nitb gas and the o ganism should be obtaioable 
(torn the foamy liver or the heart blood <U elch Suttall test) 

If serum the apy is to be used successfully in cases of gat gan tcn« t is necest ry to 
determine speedily and precisely ntuch of the anaerobic organisms are present iiace 
diSereot antitone lers are required for each Ale ely to demonstrate the presence of 
Cl It fcJi I IS not auffcient s oce many cases shoo miied nfeci one ivilh tno or more 
anaerobes Ht&ty ( 917) has suggested a cietb d for a quick identificatioB o{ tbe 
tmpottant saccbarolytic aoaet bes m uounds Cf «f/i Cl 0 d Hiaf Ksf go and 
Cl eedemur eat The mate utl is inoculated intoa co led meat nvedium andf on this 
iota a tube fnulk If ibe storm) fernirntalion o curs Cf »t 1 ki is presot At the 
saroe time some of ihe cultur 1 ooculaicd into two suinea pig one of i hich has 
received Cf « if m f oof go nd O « f f) antuoun and th other of i h>ch has 
received Cf dm I ni and Cf v f A ant tosin It the first pig d es it indicates that 
some 0 ganism ehet (ban Cf d itci mofgi and Cf a f Ai is present nd this is 
m stoUcnlheCf d Mieir Tbt assuoipti a iscoofirmcdifthesccondp gsurvives 
If the second p g alone dies one m y d an ihesaine conclusions nith respe t to the C 7 
0 dem I malif If b th p gs A either both of these organissos or some other 
eoaerobts a t probably present and identification must be made b> cultural methods 
(See also pp ids i and 1675 ) 

YeDow Fever — Early iwutr pbibc leucocytoss «bch m a fev days (alls to normal 
or below Increasing albuminvna nith granula and epithehal casts from the first or 
second d y 01 guna r anuna in fat I ca ea Bile pigments are preseot in blood and 
urine in ncreasmg amounts f om tbe seto d or third da)* In;ect blood of patient 
(dut ng the Srsl three days) nt aceteb ally wito mice Serum of ca es after reenv ry 
sho«s life I ng protective power Differentiate t ra severe malaria blackwater fever 
infecii us jaundice r Ups ng f ver dengue nQu naa (Sc also p idje) 
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Screw worm Infection -'To identiff esaimne breathing slits on posterior stigmita 
of larvae found in auditory canal or skin ulcers 

Scurvy Tourniquet test of capillary resistance positiNe (as in purpura) Reduced 
eicretion of cevitamic acid in the urme May cause hypochromic anaemia 

Small Pox —Initial leucopenia /oUoited by neutrophilic Uucocytosis w pujfuhr 
stage Monocytes increased Try Pauls or hlcKinnons corneal or sLin rabbit 
inoculation tests 

Sprue — Examine the frothy pultaceoiu stools for undigested food and excess Ut 
(JS% to 4®%) chiefly fatly acids Make gastric analysis (occasionally an acblor 
hjdria) Examine blood for anaemia usually macrocytic like pernicious anaemia 
occasionally bypochroBUc Rlood Calcium reduced Glucose toJeraoce curve has fiat 
peak 

Sporotrichosis.— Culture on agar or potato for S days or more Direct smears do 
not show organisms 

Syphilis — /*fiw«fy alaje Look lor T PafliJum in serous esudate from chancre in 
dark held preparations (or stained films) If negative and ulcer is healing examine 
juice aspirated from regional bubo 

Srcondary /erliary and Ititeal cases hlake Massermann reaction or flocculation tests 
Examine spinal fluid if clinical evidence of disease of the nervous system i* present 
and in all cases before treatment is stopped 

Tetanus. — Inoculate white mouse or guinea pig and make anaerobic cultures from 
curettings from the wound (Seep 1609) Rarely found in smears Inject filtrate 
from culture into two guinea pigs one of which should be protected hy injection of 
antitetanic serum 

Thromboeytopenia,— (See Purpun thrombocytopenic) 

Thfush.— ^^ake scrapings from lesions and examine in lo*^ KOI! solution The 
organism 5>ri»{0r/arii oMuonr may be cultivated on Sabourauds medium It 
slowly liquefies gelatin and blood scrum and aadifies and clots milk In cultures there 
are budding yeast like forms and mycehat threads 

Tritflsfusion —To select donor secure individuals of the same blood group (or 
group 0) and match the serum of the recipient with the cells of the donor and vice 
versa Exclude syphilis by Uassermann or Rabri test and by physical examination 
Exclude malaria by history and stained thick blood films 

Tnchinlssis —Usually high leucocytosis and eosinophilia Secure su pected meat 
examine for encysted larvae in press preparations or digest m artificial gas nt jaice 
and collect larvae in Baermann apparatus (Seep 1*43) May feed meat to rat « 
mouse and examine muscles similatiy after lo days During second or third v-tek take 
5 to 10 cc of blood In dilute acetic ncid and examine sediment for larvae After second 
week excise a bit of muscle from deltoid or pectoralis near insertion and examine 
Make intracutaneous test with Bachman antigen 

Ttypanosomiasis — Examine blood for irypariosomes in fresh preparations or 
stained thick films hen sparse Concentrate in blood by centnlugaliaation and mate 
films from leucocyte layer (bee p 191 ) H not found inoculate a rat or guinea pig 
intrapentoneally with blood gland juice or emutsion of excised gland and examine 
blood at intervals Eormol gel test often positive In lethargic stage examine spinal 
fluid for parasites Cell count and gbbuliti increased Differentiate from kala axar 
malaria syphilis 

Tubetciosis —Make acid fast sUin of smears from sputum faeces or unnaf/ 
sediment If riecessary first concentrate by digesting in alkali or anUtorxmn andctntri 
figaUaitig Culture on Fefroffs medium or in Corpers medium Inoculate guinf* 
pig Blood cultures may be positive in miUary tuberculosis High monocyte 1/mpSo 
evte ratio indicates progressive lesion Positive diazo reaction in urine an unfavorable 
sign In special cases make inlracuUneoUs or subcutaneous tuhercahn tests or m 
children von Pirquet s cutaneous test Sedimentation rate increased in piopcil on W 
activity ol die ase 1 1 ^ 

Tularaemia —In the mrly stages inoculate mouse or guinea pig wtb material irom 
local lesion or regional glands or with blood At autopsy look for cbaractenstic lesions 
(small caseous foci m organs) and make cultures from blood and organs on glucose 
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Foreword.— In Hopluns (1938) Treatise on Bioclinutics Figure 35 (demed from 
Supan s temperature aones Bartholomew s Tbysical Atlas, 1899 soLIlI Meteorology 
pL I) shows that the heatequator whiohiepresests theluteof manoji! meaoaossal 
temperattiic m the tropical zone lies for the most part at a considerable distance north 
of the geographical e<]uator In Central Amend and ^lexico it bends northward to 
abouts abote the Tropic of Cancer (whichuat ry N ) aodispart of Afncait Lesat 
20 N latitude Analogous curses are found in the isotherms of 6S F (20 C ) which 
delimit (he tone of tropical heat on (he north and on the south The northern halt 
of this zone passes through the most southena part of the United Sutrs of America 
through the Mediterranean Sea to the north of Arabia and India and through the 
southern part of China. The southern limit bends sharply northward along the western 
slopes of the Andes m South Araenca and to a less degree neat the western coast of 
Africa and it passes south of the central portion of Australia 

Life bust adapt itself howeier not to cbmate in terms of aierages but to the 
Suctuations of weather which maybeirregubr seasonal monthly ordiurnal There 
fore the dassidatioos of cbmates in terms of aierage £gures whether for tempera 
ture hutmdity rainfall or barnmelnc pressure are inadequate indications of the 
po-sible influences of a giien climate upon man Moreover elevation abo%e sea letef, 
the pro&aity of mountains or of occatu ocean currents and prevailing winds modify 
local climatic conditions to such an extent that localities wbich are cot far distant from 
each other may base sery diScreot climates 

For detailed loforaatioa ou climates ibe reader zzuy consult tie larger worts such 
as the Haudbueb dex KUmatologie by KSppeo Graa and Geiger (1938) or he may 
find all that he requires in Keodrew s little brnt The Climates of the Continents 
(1937) Or in C E P Broots Chmate (1931) The Chmatic Sfaps of North 

Amenca (C F Brooks 1936) show sea level isotherms and actual average tempera 

tures toe various moaChs the mean annual range of temperatures the tnaama) and 
minimal temperatures and similar data for barometne pressure rainfall snowfall, 
humidity cloudiness and thunder storms. 

Tbornthwaite (1933) has published a brief classification and description of the 
climates of the world on a quantitative basts together with a climatic map in color 
There is a dearth of ii«eful boots on medical ctimatology Climate and Acclimatiu 
tion id edition 1938 by CasteQani contains much valuable information m concise 

The knowledge of the efiects of climates upon man is so incomplete that an elaborate 
clasufioation of tropical climates is not needed here Tnjpical climates are of three 
principal types the hot and dry the hot and humid and the wet-dry climates which 
are cbaractenaed by alternating seasons of drought and of heavy rainfall The hot 
and dry climate pri^uces desert or semi and conditions under which the days are apt 
to be extremely bot and the nights to be cool or even cold In the hot and humid 
tropics on the other hand extienjely high temperatures do not occur and the nocturnal 
fall of temperature IS slight In such dimates the fluctuahons of temperature between 
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night and diy may not exceed 10 F acdtlieseaaoaalfliictualionsaresmall Dunnga 
prolonged dry season the desert type o( cUmate ts approached and m the course of a 
long wet season humidity increases and temperatare tends to decrease Some of the 
coastal climates are similarly modified by seasonal trade mods The e 9 ects of the 
monsoons of India extend far inland They btiag with them rainfall and lower tern 
peralures The climates of small islands are especially equable Temperatures tend 
to range higher in the interior of large land masses than on the coast and mountain 
ranges may determine the distribution of runtall This is notably true m tropical 
South Amenta where there is abundant rainfaU east of the Andes and andity on the 
western coastal pbm 

The mean annual temperatures in the tropical belt m general sary from So F to 
S4 F Wten there are clearly defined wet and dry seasons the *tt season is com 
paratis ely cool Annual rainfall m the tropics is usaally 49 inches or more At Puerto 
Bello m Panama 141 inches have frequently beeo recorded and in the khasia Hills in 
Assam it has reached 600 inches 

The summer temperatu es in the north temperate cone are frequently higher for 
short periods than those encounie rd in the bot and humid tropics 111 effects of 
chmatic beat therefore are not bmiied to the tropical belt 



Mountain Cluoates. — Temperature sanes inversely as the altitude Herschel has 
shown that for every 300 feet of mere s< in altitude there was a decrease of F andfor 
e ery So metres a decrease of C These stat menis are only partially correct bow 
ev r as the temperature at a giien altitude depends in part upon the expansion and 
humid ty of the air the clearness of the atmosphere the quantity of earth and the 
nature of the wind hi wing at (be time Ad mte estiog compartsoo showing that alti 
(ude h s as much to do with climate as latitude is afforded by the annual mean tern 
peratuies lor several places n (he Island of H U Port au Prince on the coast at 
approximately sea le el has an annual m an temperature of 8 F Petion ille 4 miles 
■ land with an elevation of about 400 feet an aooual mean temperature of 76 F and 
Pu cy 12 miles f om the coast at an altit de of about 5000 feet an annual mean tern 
pe ature of 66 F Pine trees are found in the higher altitudes of the island The 
bghest altitudes of M untX nya located t the equator about 300 miles from the east 
coast of Africa are clothed in pe petualsn w korth or south of the equator the snow 
line gradually descends until t about 80 north and south latitude it reaches sea level 
Tb s IS shown in the ccomp 7 mg chart f omLe Dantec 

lupoRiavT CiniATic Eizsienxs akd TnxiR Errxcis Brief 
Heat, Humid ty and Air Movement^Tbe climatic f ctor of pnnapal importance 
in the t op cs IS heal Climatic beat becomes part cularly mimical to health when it 
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reaches levels which render diflicult the dissipation of surplus heat from the human 
body Lower levels of temperature may become inimical in this Sense when heal dis 
sipatjon IS retarded by high rebtive hamidity ol the atmosphere or by tie absence of 
air movement Conversely the effects of high temperatures are mitigated by low 
humidity or by air movement These factors promote rapid evaporation from the 
shin and thus they increase the efficiency of this cooling mechanism 

It IS useless from the point of view of medical climatology to discuss separately 
the effects upon man of heat humidity and air movement Attempts to assess climatic 
environment in terms of these factors will be dealt with on page 1690 

^\hen as a result of etposure to heat the heat regulating mechanism of the body 
failstopreventaconsiderablenseoftemperature heatpyte«a(p 1085) results \\hen 
the cicculatorv mechanism fails to respond to the increased stress imposed by high 
temperature heat exhaustion (p 1090) develops Heat cramps (p 1091) are induced 
by excessive loss of sodium chlondein thr sweat Dehydration of the body is a factor 
which may aggravate the ill effects of heat Schlegel (1941) has studied variations m 
the heat regulation of the human organism with particular reference to the water and 
salt losses caused by high temperatures The experiments iiere conducted at a tern 
perature approaching 40 C (104 F) and beoefiaal effects on the heat regulating 
mechanism were found to result from the administration of renal cortical hormone 
Under the inffuences of the hormone there was considerable increase m sweat loss Sis 
subjects were unable to Continue the control exT>enments without hormone Without 


hormone administration the pulse mounted rapidly bat with hormone tie pulse was 
steady 80 to 90 throughout the experimental penod They thought this wt rk mdicated 
that acclimatuation to a hot envnronment may be accelerated by the use of hormone 
Atmospheric Pressure — Ceneraffy speaking high pressure is recorded at sea level 
about 30 degrees north or south of the equator This high pressure decreases towards 
the equator due to the heating of the air by the sun s rays and to the addition of aqueous 
vapor which being lighter than the atr ascends with considerable force to very high 
altitudes A normal man can frequently withstand a pressure of one additional or 
tw 0 absolute atmospheres in div ing operations over a considerable penod of time and 
ascend to altitudes of over ts 000 feet without great difficulty It is uncertain however 
whether the slighter variations of pressure are significant from the point of view of 
health 

Storms —Local severe thunderstorms are frequent in the wet tropics Generally 
they cool the atmosphere for the time Besides these cyclonic storms which receive 
different names in various parts of the v orld occur at infrequent intervals They are 
called cyclones in India and Mioniius humcanes in the West Indies and typhoons m 
the ^\esl Pacific and contiguous seas It 1$ probable that hurricanes have been an 
important factor m the lack of progress of the white race 10 some of the islands par 
ticularly of the Bahxmas and VSest Indies 

Altitude— Jlankind cm Jive and has established permanent habitations in Tibet 
at places over 4000 meters above sea level In the Bolivian province of Chichus people 
live at an altitude of 5000 meters A moist tropical cbmaie 1$ the result of heavy ram 
fall combined with low elevation v hile in tropical mountains with SufEcient elevation 
every vanety of climate may be found At Nairobi in Afnca which is 3 degrees south 
of the equator but has an altitude of from dooo to 8000 feet the climate lanesfrom cool 
to cold la the higher elevations while hot tropiexl conditions prevail on the coast 
Altitude is important because of its effect in tempenng the heat of the lowlands and 
in providing sites for samtona and rest camps for rehef from the heat and humidity of 
the coastal plains Baguio in the Benguet hlountainsof the Phibppine Islands about 
170 miles north of Sfanila is cunstdered by many as one of the best tropical mountain 
resorts in the world It has an elevation of from 4500 to over 55®* ftet and surrounded 
by ranges extending up to almost 8000 feel It is a region of pines and oats and has a 
perpetual temperate climate w ith occas onalfrosts The maximum annual temperature 
IS reported as about 80 P minimum 53 4 P witha mean annual temperature of 64 a F 
Open fires are comfortable morning and evemng throu^out the year and strawberries 
are erovin during eight months of the year Heavy rains are prevalent however in the 
summer months The summer capital of the Archipelago and sanatoria both civil 

and military are located here Ilmtze la his report on the German colony of Espintu 

in Brazil says that experience has shown the settlers that it is advisable first to colonue 

the elevations of from 1000 to 3000 feet and that if this be done the later generations 

can successfully occupy the lowlands not even excepting the coastal f ms coo 

elusion IS logical but in most tropical places u IS next to impossible ^ on 

sideritions for people to live away from the steamy coasul p 
For lU effects of altitude and adaptabon ^ r 
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Sunlight. — The s hr spectrum contai s heat ra^ cstendi g from infra red to red 
light raj's nhich are }eIlo\ and cbenucal raj's eatendi g f om the blue to the ultra 
violet The rajs reach the earth accordi g to Langitj' in the following percentages 

Per Cent 


Ultra violet 39 

\io t 43 

Blue 4$ 

Greenish blue J4 

hellow 63 

Red 70 

Infra red 76 


These values are tnodiCed considerably by alt tude latitude season cloudiness and 
atmospheric humiditj Only about 30 per cent f tbe sun a rays reach the surface of 
the earth at sea level in contrast to $ per cent in clear weather at altitudes of 1800 
meters In the clear atmosphere of mountains there is a higher proportion of light 
njt and of ultra Moiet rays (Be's.s 93b) 

The spectrum in tbe tropics extends to the same ave lengths as in the temperate 
aooes The raj-» at the violet end of the spectrum nhicb reach lb earth are filtered 
out by the ikin itseff a d by the hibod orcufaiing n the capillaries of the iLin These 
raya can cause hyperemia or luniing of the supe 1 c al byers of tbe skin and they 
promote pgmentatien lltravilet rajs can kill bactena Tbe skm pigment 
uebnin absorbs the li^ht rays except ib se t the red end of the spectrum After 
absorption (he light rays are converted into heat It > for this reason that Negroes 
when exposed to sunlight sweat more readily than bites 

Pigmentation of tbe skin can be promoted ot only by di ect tunli|,ht but also by 
redacted or disused tight or by mnd Tbe sbn of blinds shows btile tendency to 
become pigmented w th the result that ■( may burn gam and again Brunettes as 
a rule tan readily \\ben tbo ughlj pigmented the skin u highly resstani to 
lunburo Afterexces ive exposureof brgea easof sk n to the sun white persons whose 
skins ate not protected by p gme ( m y suffer fr m ae ere hyperaemu and bhstenng 
of (he skin accompanied by co st tnlional symptoms su h as chills ausea headache 
vomiting and a feeli g of exhaustion Local inBammation nduced by sunlight has 
been attributed to tbe mobliration of histamine f om the skin into tbe li sues and to 
nutrition 1 alte atioRs of the ti sues Inte se sunlight is belie d to induce laccumu 
lat on of cholesterol in uncovered sLin surfaces (Guernni 93O) 

Sunlight seems to stimubte tbe nervous sjstem This effect is beneSaal within 
limits but repeated e posure to intense sunbght has been thou ht to be a factor in the 
causal an of tropical neur sthen a Not infrequentJj intense light whether di ect 
or reflected causes conjunctivitis retinitis photophobia headache or diezmess 

Uhenoverb ating of the body resuHsfromditect exposure t sunhghtinco junct on 
with high tmospheric temperatures heat pjrrexia (p io8j) orheat e haustion (p logo) 
may develop These effects are not caused however by hght as such but bv 
heat 

Among ill effects upon (he stun which can be produ ed ly repeated e posure to 
intense sunbght are N ode o / gore / su se ere semle keratosis and epitheh 
omatosis These conditions are seen occas onally in vrhite persons who have h cd for 
along time in the tropi s Two cases of \erorf rma /igmei fw im occurring m Spanish 
lodian child en of tbe same family have been reported from Nucatan (Shattuck 1933) 
James II Smith ( 931] believed tbat the distnbution and 1 cidence of pellagra are 
influenced under certain abnormal conditions b> solar irradiation He sa d tbat an 
adequate supply of sulphur as cystine and a no mal metabohsm of sulphur appear to 
exert a protective influence aga st the pathologic effect of solar irradiation 

Tbeinjunouseffcctofsunhghtup nexposedski surf ces in tjpical cases of pellagra 
has long been known (p 1O38) 
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Evaloatios or Cliuate 

There w a great mass of meteoiological data from many parts of the world on atmos 
phene temperatures hurmdity and a»r inosement The relative frequency of bnght 
sunshine and of cloudiness has been often recorded from many places also SoUr 
radiation reaching the earth s surface has been studied quantitatively in certam locah 
ties Something is known too of the varying proportions of the solar rays of different 
wave lengths which reach the earth But the physiologist needs far more information 
about atmospheric and climatic ensnronmeot than js available todiy before he can 
undertake to assess the possible effects upon man of the various Components of atmos 
phene and chmatic environment lor example in addition to the factors already 
mentioned dust content of the atmosphere may be significant by virtue of its power 
to reduce solar radiation teaclimg the earths surface The possible influence of 
atmospheric electncity and of cosmic rays is as yet unknown Some physiologists 
believe that climate is not accurately reproduced experimentally even when tempera 
ture humidity air movement and dust-content of the air are controlled 

Ov er a penod of many years atlempla have been made to evaluate climatic environ 
ment as it affects man Haldane (190$) emphasized the fact that the readings of the 
wet bulb thermometer are of greater value th»n those of (he dry bulb for this purpose 
and he pointed to the significant effects of humidity and of air movement Man 
however does not respond Uke a wet bulb tbetmometet The Lets tbermometer was 
designed to overcome some of the recogiuzed difficulties of evaluating atmospheric 
conditions Its use was first desenbed by llill Angus and Newbold (tptfl) (See 
also Castellani rqjS p 44) 

Phelps (tqifi) stated that in Americas Samoa persons not exerting themselves aie 
uncomfortable unless the cooling power of the air measured by the wet Kata tbermom 
cter IS as great as 11 0 and that comfort in the performance of physical work requires 
even greater cooling power Buxton in Samoa found that the readings of the dry 
Kata tberfflometerat pa JO averaged J aforhebniaryaod^ y for July Atnoon the 
minimum reading of y 0 was found in December and the maximum 4 fi m July At 3 
pm the monthly averages varied from 55 to so Corresponding wet Katather 
mometer readings averaged 13 S to 18 3 iz 9 to 19 4 and 13 o to *o o These figures 
Sundstrocffi states do not show any extreme reduction in cooling power but the con 
tiDuous exposure even to such moderate reductions is animportant factor The amount 
of coohng power at the disposal of tropical residents is usually diminished by defective 
housing and unsuitable clothing 

The cooling power of theairmaybedeternunedby the wet or dry Kata thermometer 
Oienstein and Ireland (1911) found that when the coohng power of the atmosphere was 
below SIX miUicalones per square ceoumeter of body surface per second and 16 milh 
Calories by the wet Kata thermometer the wotkicg efllciency of a native of the tfopics 
decreases 

Yaglou {iqj?) recommended for the evaluation of chmalic environment the use of 
the effective temperature vndes It la an arbitrary index of sensation based on the 
sensiUon of warmth resulting from various combinations of temperature humidity 
and ait movement He said that aR measurable physiologic effects of the physical 
environment upon industrial workers whether at rest or at work correlat well with 
this index For the sedentary worker he determined that about 60 effective tempers 
ture (E T ) was optimal but that it varied with the season of the year For light work 
la hot industries the upper limit of ability to compensate foe external temperatures 
was »n E T of 90 degrees The limit for heavier work was an T T of 80 degrees 

A simiUr method of assessing tropical duaate has been recommended by Lee and 
Courtice (1940) for use in classifying tropical cUmates with reference to problems 0 
settlement by Europeans The E T of Lee and Courtice takes into account environ 
mental temperature humidity and outvectioii Some correction can be allowed for 
ladiawt energy Their Figure I shows a normogram of E T by IfoughCen for men 
Dormallv clothed and engaged in Lght work in which the variables dry bulb leroperw 
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ture wtt bulb temptrature and avera e air 'doaty are represented Given the value 
of these three variables the E T can be read off directly from the normogram 
Heat pBODCcnoN akd Contkol 

Theaverage temperature m the mouth vanesfromod F to one slightly below gg T 
arid the rectal temperature from 97 a P between a to $ n m to gg 4 F between 4 to 
7 pm Pembrey gives the mean daily temperature as being 9S6 F the maximum 
99 5 F (37 S C ) and the minimum 96 8 F (36 C ) It is believed that temperature 
regubtion is the function of a center located in the thalamus hlamtenance of normal 
body temperature in man depe ds on the atulity to effect a balance between heat 
production and heat loss Heat is produced in the body eh eSy by the oxidation of 
fo ds particularly carbohydrates and fats A targe proportion of this heat emanates 
from the muscles even when they are at test hfuscular tonus and consequent heat 
production is mcreased by nervoua tension StiU more heat is produced by shivering 
and by voluntary muscular activity 

Mechamsm of Heat Loss — Heat is dis ipated chiefly from the skin by mechanisms 
which have been dehned by Wiggers (1939) as fallows 

Conduction signifies the transfer of cner y from one particle to the next through 
molecular vibration 

Convection s gnifies the transfer of energy by moving molecules of air which absorb 
beat and move on 

Radiation signifies the transfer of infra red (heat) naves through the ether 
without involving a material substance 

Vaporuationof water requ restheabso plion of o $8calor es foreach gram of i atei 
vaponxed at 37 C 

At an atmospheric temperature approaching that of the human body vaporization 
accounts for most of the beat toas from the body At temperatures above that of the 
^ody the effects of conduction convection and radiation are e ersed Vapon ation 
then becomes the only aignifieant means of di aipacing heat from the body Vapor a 
tion of water takes place chiefly on the surface of the akm and to a iesse degree in the 
lungs The property of water in changing from a Lqu d to a gaseous form to absorb 
heat and hold it as latent beat until condenaation occurs makes possible the repid 
removal from the body of great quantities of heat when temperature humidity air 
currents and the clothing worn promote f ee evaporation 

Hardy and Du Bo s (1937) stated that in the temperature range from 30 C (87 F ) 
to 3] C (gi F ) the body ehtni ates a miniinum of heat and that the amount equals 
the basal heat production Beyond this range in temperatures which are e ther hotter 
or colder the beat 1 ss is effective down to 9 C At temperatures below th $ level 
some mechanism as yet undetermined induces tension of the muscles or shivering 
"ith resulting taccease in basal metaboh ni and heat production Ou Bois (1938) 
emphasized the fact that the skin is aim st ent rely esp nsible for heat loss and that 
it IS admirably adapted to serve as a beat regulator 

Site ring 1 the prinap 1 means f p omot og <x>oI ng by vaporization Expen 
menta have shown (huno 1934) that visible sweating can be produced by thermal 
agents or by mental or sens ry st m h The sweating which is caused by thermal 
agents involves the entire body except the palms of the hands and the soles of the feet 
Sweati g caused by stimuli other than beat is usually 1 mited to the palms the soles 
and the axillae 

Ordinarily thermal sweating induced by exposure to moderately h gh or very high 
a r tempe atures begins after a cons de able latent pe lod (Kuno 934) The amount 
of sweating is roughly prop tional to the degree of h at to w hich the subject is exposed 
In moderate heat there are marked fluctuations of sweating At higher temperatures 
thesefl cluati ns tend to disappe t Ittaev dentthat the co ling effected by sweating 
IS dete mined not by the quant t es of sweat produced but by the amount which evapo 
rates on the surf ce of the body Evaporation is affect d by various external factors 
including humid ty a r motion and clothing Netbacb and Harnngton in the study of 
hygroscopic properties of clothing in lelat on to human heat loss state that in changing 
a clothed subject from a low to a h gh relative hanudity at the same temperature the 
subject appeared to produce more beat than awild be accounted for by his metabolic 
rate This process is the reverse of evaporation and was due to the absorption of mois 
ture by the clothing with a resulting evolution of heat S enee (95,387 1942) 
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The stimulus n hich induce sneattn^ has been ascnbed to increase of body temper 
ature but DnnVer (1936) believes that it is caused usually by impulses generated m 
the nerv e endings of the shin 

Invisible or insensible perspiration is continuous Benedict and t\ardlaw (1931) 
stated that within certain limits this cvaporaUon of water from skin and from the 
respiratory passages accounts for approximately *S per cent of the total heat loss from 
the human body hen measured under Insal conditions the rate of insensible 
perspiration soon becomes constant Sleep during the daytime has no significant effect 
on the rate of invisible perspiration but it Calls markedly during sleep at night Of 
the total heat loss by insensible penpiration about 15 per cent comes from the bands 
and feet The rate of loss from the hands and feet is about three times greater than 
(hat from the rest of the skin per equal unit of area In the absence of visible su eating 
about 75 per cent of the heat loss is accounted for by conduction convection and 
radiation 

Hardy (1934) has pointed out that the skm of the Negro is not truly black and that 
the visible color of the akin is insigmfcant so far as its radiating poner is concerned 
Light of the shorter wave lengths is reflected from the skin but the longer wave lengths 
including the infra red are absorbed Hardy showed that the skin acts like a black 
body radiator that its emissivily is close to 100 per cent and that the presence of water 
vapor or of CO in the air has no appreciable cSect on radiation from the skin 
rnVSIOLOClCVL RfSPOVSES TO CtTSIATIC IIeAT 


Basal metabolisrn nay fatf moderately within a few days after enteruis the hot 
tropics Thu reduction may persist until the individual returns to a cool cLmate 
after which the metabolism returos rapidly to the onginal level (Dnaker 1936) 
W hen heat causes a nse of body temperature tbe metabolism increases m consequence 
Such increases of temperature commonly follow physical exertion m a hot environment 
Mason s (1940) long senes of observations on ai Fnglisb and American women who 
went to live in southern India reveabtbefact that tbe metabolic response of individual 
diSers One group (Type I) comprising 13 of tbe women (6» pet cent) showed a fall 
of metabolic rate averaging about 10 per cent whereas the remaining 8 women (Type 
II) showed no significant change m tbe metabolic rate Mason says m conclusion 
There is as yet no real evidence that one type of tropical response is a better adaptation 
than (he other 

hlacCregor and Loh (1941) have also shown that basal metabolism may show a 
definite reaction to tropical environment in certain individuals and be absent in others 
Body Temperature — According to Dnnktr (1936) a slight increase of body tem 
peratureisthenilein thetropncs In Mason scasesof Typel (those showing a decrease 
m basal metabolism) the average body temperature remained unchanged but the 
temperature for those of T>pe II (no signifcant reduction of basal metabolism) showed 
an average increase of o 6 F 

Castellani (1938) said that he and Chalmers had not found any change in body 
temperature in passages going to and from the tropics or dunng residence therein 
provided that the indiv duals observed were normal Iseilhet did he observe any 
difference of body temperature between well oounshed healthy natives and Europeans 
with due allowance for individual and seasonal differences and the effects of **'^^’** 
and clothing He discussed natters nlatiog to body temperature in considerable 


Pulse Rate — Dnnket (1936) said that a slight decrease in pulse rate usually occurs 
but that changes reported are very insignificaat Wanson s Type I showed an 
average fall in pulse rate of 11 8 whereas in Type II the fall was only 7 i beats per 
minute The changes in pulse rale in cbffereat individuals ranged from an increase m 
one beat to a fall of twenty-one beats per minute 

In tbe majority of Europeans nochangeiii (be pulse rate was observed by Caslellam 
(1938) either on entering the Tropics or after residing there In a few persons the rate 
showed a slight increase at first TTiis disappeared after acchmatizalion 

Systolic Blood Pressure — Dnnket recognized the existence as a rule of a very 

shffht decrease ReporUngon 18 female subjects Mason observed an average decrease 

of s mm m the systobc and m the diastolic pressures as wetl The range of variation 
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{n the systolic pressure »as from plus 9 mm to minus >> mm The range for the 
diastoUc pressure was from plus a mm to numis jy mm Other observations in lined 
Mason to believe that circulat ry changes as reflected m pulse rate and blood pressure 
may not take place so quickly as changes id beat production or body temperature 

Roddis and Cooper (Castellaru 1938) «bo obseiied a large number of nasal 
off cers while on duty in West Indian staters found the average systolic blood pressure 
to be II s points lower than the standard for the temperate rone The blood pressure 
fell gradu Uy Siiteei of the offeers ahowed an tterage n e of systolic pressure of 
9 points one month after return to the temperate zone 

Respiration. — The evaporation of water from the lungs a sists m the re ulation of 
body temperature Due to the increased distribution of blood to the surface of the 
body the lungs w eigh less in a hot than ui a cold or temperate chmate The capacity 
of the lungs IS therefore increased 

Dnnker (1936) said that the respiration rate tends to decrease and the minute vol 
ume to increase The greater minute volume promotes cooling by increased evapo a 
lion of water 

Blood Volume —Plasma volume was studied in four subjects by Talbott rdwards 
DiU and Drastich (1933) in Boston and subsequently in the same subjects at Boulder 
City Nevada where the summer teinpmtuies art higher than those of the hot moist 
tropics where the humidity is low They reported that the small differences observed 
were within the liimts of error of the method However Barcroft and associates 
(Dnnker 1936) on in etped tion from England to Peru fou d that blood volume 
increased as the tropics were entered Commenting on these bservations Drinker 
taid that the necessary increase of sweating must require 1 lonsta tly higher blood 
supply to the skm and if (he blood volume did not increase imioveri hment of the 
internal organs would result It seems possible that such an impoverishme t may 
occur in some of the 1 dividuats who fail to adapt adequately to tropical en ironments 
and who in consequence exhibit marked dec ease of elTciency when living in a tropical 
env ronmettc 

In a very recent article Forbes D II and Halt (1940) reported their observations on 
10 whites who bad moved to a hot damp climate Small ncreases of about 5 per cent 
in the volume of the blood and n the plasma volume were observed 

Interstitial Fluid —The authors quoted abo e obscr ed m the same senes of sub 
jects a dec ease in interstitial fluid (outside the cells and outside the blood vessels) 
which averaged per cent The r nge hone er vaned from minus 34 per cent to 
plus 76 per cent 

Compositioil of the Blood —Red cells arc apt to be increased and \ hitecelb decreased 
slightly Blood sugar may b low A slight alkalos s has been reported particularly 
in persons of sede tary habit but it disappears with the assumpti n of periodic exercise 
(Dn ker 930) 

Sundstroem ( 916) has reported observations on the blood of white res dents of 
northern Austraha Some of bisflndingsareat an nee with those of other ob ervets 
Me recorded reduced le els for tot I pbospho ous m the blood Talbott et al (1933) 
reported th t changes f m normal m the constituents of the blood a e smalt after 
adaptation to climatic heat has occoned 

Commenting n the pallorof thesLinof tbeface which iS common in white resident 
of the tropics Castellani (1938) said that there b no foundation for the belief that this 
pallor IS caused by a pbj-siol gical anemia In h s experience blood sug r is not 
decreased 

Dgesti e Functions.— It is common m periods of hot weather in a temperate 
climate to experience a marked loss of appetite After livi g for some time in the 
Tr pics northern W hit s are apt to e hibit a persi tent reduction of appetite w hich is 
often accompanied by an increased cr ving for highly spiced foods and f r liquor before 
thee enng meal The loss of appetite might well b attributed to a dep essio of the 
digesti e f cli ns and a reducl on of the di estive secretin s Castellani (1938) has 
pointed out that Arnold s e pe imentsoQ dogs which were kept in an artificially warm 
and moist atmosphere sh wed a decrease in gaslnc secretion and a fall m acid ty He 
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also emphasized the tendency to constipatioa which occurs m man particularly in the 
hot and dry climates He attributed the constipation in part to loss of water by 
evaporation and deficient ingestion oJ fluid and m part to unsuitable diet He ascribed 
the so-called tropical Lver to ezcessotfoodand dnnk in some cases and tobtent or 
semi latent amoebic hepatitis in other instances 

Urinary Excretion — The composition of the unne in the tropics has been invesli 
gated by several workers who agree that with the exception of a tendency to high 
concentration it corresponds fairly well with accepted standards Because of the loss 
of water by increased perspiration the unitary excretion is reduced to approximately 
one half that of the temperate regions It has been suggested that high concentration 
may in time be injurious to the kidney epithelium and that toxic products otherwise 
innocuous may become harmful by mass action On the other band nephritis is less 
prevalent in the tropics than in colder climates Eijkman stated that the while nan 
sweats more copiously and produces more urine than the native of the tropics but that 
this increase is not merely the consequence of his taking more water The sweat glands 
and the kidnevs of the white man show a greater activity as compared with those of the 
natives This response is independent to a great extent of the water intake There 
fore the white man must drink more in order to maintain the wrater content of his body 
No doubt the greater activity of his kidneys is to be accounted for by the fact that he 
has to excrete nearly twice as much nitrogen as the native Eijkman found the weight 
of the kidneys of the ^talayan in tebtion to the total body w eight to be about the same 
as of the European 

Talbott et al (1933) studied workmen engaged in the construction of the Hoover 
Dam (Boulder Dam near Boulder City Nevada) where the summer ebraate is intensely 
hot and dry They observed a loss of body weight in the first days The fluid intake 
was greatly increased and it was correlated with increase of atmosphenc temperature 
The volume of the unne underneot little change but the specific gravity rose at first 
from 1030 to 103J After a penod of adaptation the specific gravity of the unne felt 
to lotg or sooo 

Chloride Excretion —The amount of sodium chloride lost m the sw eat was great in 
the fust days of exposure to high climatic temperature There was a coincident diminu 
tion of chloride excreted in the unne After adaptation the percentage of salt in the 
Sweat became decreased and the excretion of chloiide in the unne increased Similar 
changes in fluid balance and in chlonde excretion doubtless occur m the tropics 
whether hot and dry or hot and humid 

Endocrine Glands — At first tropical climates apg«ar to stimulate the thyroid the 
adrenal glands and the gonads SubUquently glandular activity seems to be depressed 
The reduction of blood pressure and the feeling of lassitude which commonly affects 
northern whites after a period of residence in the tropics might be explained on the basis 
of diminished endocrine activity lluniingCon s thesis that a changeable climate with 
periods of cold weather and frequent storms has a stimulating and beneficial effect upon 
man suggests that these climatic conditions may augment the functioning of the 
endocrine glands (see also p 1596} 

Reproduction — The fertility of both males and females from the temperate rone 
seems to be diminished by We in the Tropics lu white girls the time of beginning ol 
menstruation IS unchanged The menopause comes earlier (Drinker 193®) Accord 
mg to Castellani {1939) menstruation tends to begin about a year earlier in European 
girls living in the tropics 1 e at the ages of 13 to 14 instead of at 14 to 15 years I® 
Eurasian and East Indian girls menstnutioa begins at ii or la years of age m w 
majority of instances Little is known of the time of onset of climacteric either m 
native races of the tropics or in European women living there In the latter the time 
of onset appears not to differ from that which w usual in Europe It occurs usually 

between 45 and so years of age 

Growth —\V hite children raised in the Tropics tend to be long legged and torn 
Tatness IS uncommon The rate of growth is increased It is most rapid in the hotter 
months In proportion to weight the UU thm type offers the maximum surface for 
heatradiatiOQ This adaptation may be advanlagecos (Dnoker 1936) 
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NefTOus System. — It is recognised tbat piotoDg d residence in a tropics! environ 
jnent msy aSect spprecuWy tte mental activity and tte psycluc reactiota of Wtites 
from the north temperate sone For this reason American and British firms doing 
business in the trof ics provide long vacations for the employes living there The usual 
interval between such vacations >s about 3 years and the vacation penod is about 
6 months. The supposition is that the employe irill spend his vacation m a cool 
climate However the Amencan employe usually returns to the United States during 
the Summer months where be 11 likely to be eaposcd to temperatures which are con 
siderably higher than those to which he has been subjected in the Tropics The dis 
advantage for him of returning home in the winter is that considerable added expense 
may be entailed for the purchase of warm clothing 

It IS extremely d tlicult to distinguish the possible effects of climate from those of 
the many other environmental factors whi h seem to be s gnificant The tropical 
climates in general are monotonous and lacking in the atimulating effects which have 
been attributed to cool climates and changeable weather Life too is monotonous in 
many tropical stations Usually the social group is small the opportunities for recie 
ation and exercise are limited and intellectual interests are often neglected Physical 
lassitude chronic boredom recurring irntatiom of a personal nature and detachment 
from home ties tend to undermine morale and to weaken the inhibitions Tzcess of 
drink or licentiousness o both may then be indulged in ss escape mechanisms Loss 
of memory sleeplessness neuiasthenic symptoms abnormal irritabihty and unrea 
sonable explosions of wrath are ao common n residents of tbe Tropics that tropical 
metnoty tropical neurasthenia and tropical la e have become familiar terma 
Hon eides ate relatively common Campbell ( pys) believed that temperature and 
huDudity ha e a profound effect upon personal ty and conduct 

Unhygie le habits ineludiog failure to lake regular exercise are frequently tespon 
iible m the Tropics for depressed mental and phy ical igor In otber instances 
attacks of TcoWna and tl heavy dosage f quinine taken f 01 its tss atmtnt art depressing 
facton It IS easy to believe that the inihvidual constitution may sometimes play a 
determining part but eussionanes and others who are devoted to ibeit tasks mav work 
hard for periods of many years in tbe severest of tropical climates without going sway 
They may nevertheless retain tbeir vigor a d elTciency Th 1 fact indicates that 
good habits and contentmesc nay counteract tbe psychic and physical ill-effects which 
climate and other factors of the tropical environipent tend to produce 

The Skin — !□ hot weather body temperatu e is regulated chieSy by the evaporation 
of water from the surface of the aVm Aron (191 1) conducted insol tion expenments in 
Man la and found that the naked human kin if exfosed to the rays of the sun is warmed 
very rapi Uy to about 3b C Itoncsideiskeptiniheahade and the otber exposed the 
difference m temperature between tbe two sides m y amount to 3 C Above 36 C 
with a maximum air tempeiatureof 47 C no further increa e in the temperature of the 
skin occurs Oa tbe contr ry more or less coincid ntal with the appearance of per 
spiration the temperature fall if tbeexpo ureiscontinued The greater the secretio of 
perspiration the greater tbe fall of temperature and this fall is more decided if perspira 
lion IS increased by performing muscula work in the hot sun 

Effects of Heat upon the Vi^te and Brown Races — As the brown skin absorbs more 
be t than the white skio tbe p int nhe c perspiration shows is reached more rap dly 
by tbe brown skin than by tl e white skin under similar cond tions indicating that the 
reg I tory apparatus of the bro num re sensitive and works more promptly and sue 
ce sfully than the white skin Tbis superiority however is only in tbe sun where 
radiated heat is absorbed m e intensively by the one than by tbe otber While the 
white man is persp ring profusely there is only w fine layer of very small sweat drops on 
the skin of the brow n man As the latter eo Is even more rapidly than the white skin 
It IS evident tb t the determining fact r u tbe amount of water evaporated and not 
the water secret d Hypersecret nofsneatcauseslossolwalerfionv the body with 
out the correspondi g cooling effect It is useless and it deprives tl e body of water 
Sayers has pointed out that man is eap ble of increasi g evapo t on when exposed to 
hot dry atmospheres by suitable cloUu g Excessive perspiration most of which is 
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lost when men are Tvorltjng strif^>ed to tie warst may be absorbed by a close fittinj 
elasiic cotton union suit and distnbuttd vniformiy over the entire surface by capilhty 
action This cbmmates th« burning effect upon area* o{ the body nbicb otiermse 
become dry nhile other parts of the body surface are adequately cooled by the 
evaporation of abundant fveaspration 

1 i)kman found no percetitihfe difference «n Oi^ number of sneat glands beineen the 
brown and the white race but counts made by Clark shoo that the darker skins conUia 
a larger percentage of sweat gtands than the light t Persons who do not perspire ot 
nJiohavea defectrvesudorificsj’stcm are noc sotted for nKideno: ip the tropics 
The sweaeaeeielionol theuinle maftin the tt^ics goes beyond the limits of efficient 
heat regulation and become superDaous so that the skin and clothes become moist 
This together vvilh the warm moiit air increavc* the Jr«quenet> ejpeciaffyin the retrnJ 
arrival of common bacterial and mycoticsLin lafections and lichen tropicus of so-called 
prickly heat trom which last named condition the native stems (0 h exempt 

Hair and Najls.-— It has been stated that the hair and nails grotv more rapidly in 
tbe tropics than in the tens jieratt Mne hundslraem (ttiJb) how tvrr found thst the 
hairgrev. its tale nbichavpraged iie' slouenn the tropics than 111 a temperate climate 
The most rapid rate coincided with the f rsl part of the oppressive teason when other 
functions were also improveid while a sudden decline m the rate of growth centred when 
the metabolic processes aboxied signs of slowing down A considerable stimulation of 
growth to'lcfHrt a return ta u tooler climate which then continued la cycles atcerding 
to th« season A ffiaeintum growth was then iioted m June anda uumwoffl m ZJeeem 
ber The total nail growth nasal o retarded in the tropics and lhe«a»ral van 
ations nere in general identical with those observed («v the growth of the hair 

AcuLtiiAtuvtios or Titt IvmrviticAi, 

The foregotns Pas<s dealing with Heal rroduction and Heat Control and with 
PhywoJc^ica) J?f ponses to Oiinaiic Heat indicate ibaJ JiliJe m known with certainly 
about scclimaticatton 

(jpjs) emphasue-d the complexity of the ptoblen «d physiological adaptation 
tochmatvcheae He beiiev«s that Failure of adaptaiion maybe thetmal circulatory 
ionic or anhydcaeimc and that in tenain eases several ot these kinds of fadurr miv 
operate together 

In ft tnanus ript unpubJished at this wriim" Dili ( 04 «) said A survey of the 
contributions of ffunlingtori Petersen 'fitts and Price in the field of nwd cal rfinw 
toJogy rests s a lack of agreement m some areas and esidtnces of overemphasis on the 
effects of climats on man 

Tbeee is no longer any (doubt that eacesJive heal thmaa jn jncrea ed burden upon 
the heart Failure of th circulatory mechanism to re pond to the increased stress 
iticidecitftV to exposure to heat ft the prinopal cause of heat echaustion (p 1090) 
Asmvjssen (1940) said that acdimatiaatioii to humri htftt mvolves regulation of the 
arcul.itwn m #uch a way that »f can be bept at a practically ciotmai level vvfien at test 
or during w ork He assumed that the sftght increase ef blood volume afid the slightly 
higher pulse rate (observed ty Forbes DtllandllaU tp4o)weec the mam factorsof this 

adaptation jresaidAifthtr tfia<citCtila-totyf»rt«tedunngi\orli(ievtfopsniorere 3 d/J)' 

in humid heat becaw of tli« difficulties of heat dusipation and that the larger amount 
of blood dewandec! for circulation through the skin tends to decrease the cardiac output 
Uhas teen provel Ihit np/thern bites dnnngcontJnrcd exposure to best soon 
devt op a marked increase in the secretioti of sweat and that the percentage of sodium 
cblonde ebmiuated in the sweat beuinKS greatly reduced fp rogi) 

Alterations of body temperature losal metabolism and {v>a\se nte nhich have been 
observed in certain individuals do nutot^r in other individuals 

— The *6 groups vhichsufferiuost frequently from the effects of climatic heat 

are the very young end the elderly k|q«rently the pouet of infants to regulate body 

temperature is comparatiiely kii 7bis factor perhaps operates also tn the elderly 

but the principal cause of their sosceptebdity to beat is the decreased power of the 
circulatory apparatus which ft incideotal to age (Sbattuck and Ifaieity i9ss) 
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Drinker (1936) considered it safe to say that the effects of tropica! re lience are 
more pronounced in the children of northeiD ‘Whites than they are in adults In 
accordance with this view it has long been customary for the English hving in India 
to send their chldren of school age to Cogland However many white ^mencans 
h 1 g in the C nal Zone of Panama ha e not sent their children away kn eminent 
physician living there has told me that snch children seem to do well provided that 
hygienic requirements are observed 

Sex. — W omen of northern races usually suffer more than do men from the effects 
of a penod of residence in the tropics Although physiological differences may play a 
part It is highly probable that comparative idleness and lack of exercise are of greater 
Importance 

Race — Robinson DU! et al fi94i) compared the responses to physical work of 
Wh te and of Negro share croppers in the State of kfississippi during the hot weather 
Then the results showed that the capacity of the Whites for work under these arcum 
stances was inferior to that of the Negro Thi facti in accord with the general belief 
that races on mating in the tropics a e better adapted to I fe there than are northern 
Whites 

The Negroes lost less we ght during work and showed a smaller nse in body tempera 
ture and less increase of heart rate than the Whites Moreover the haemoglobin of the 
Negroes was about nine tenths and the kucocyte count was about half that of the 
Wbtes The respiratory rate of the Negroes was tnore rapid than that of Whites 
The acid base balance of artenal blood showed 00 dependence on race 

For many years statistical information has shown a high madenee of beat effects 
among natives of the Sntish Isles residing in India or m other hot countries On the 
other hand the Dutch in Java and the North Americans in the Philippine Islands and 
in the Amenean tropics suffer far less frequently from heat effects even though they 
take bttle precaution aga nst exposure to hot sunbgbt Although the French fear the 
sun nearly as much as the Cngbsb the} have suffered bttle from beat effects m their 
colomea in recent years (Sbattock and Hdferty 193d) 

Hnvirorunent— In the broad sense acchmatiaation requ res not only physiological 
adaptation to climate but also hygienic and psychic edaptat on to the envi onsnent 
Not enough is known as yet about these matters to enable one to determine in advance 
whether or not an mdividu I from a temperate cbmate is bkely to do well or ill in the 
tropics A few indications mav be mentioned however 

Persons who have an abnormally high basal tneub 1 c rate should avoid the Tropics 
Those VI ho do not sweat eat ly may fail to respond with the increase of swe ting which 
IS needed for the dissipation of heat Habitual nervous instability and lack of po se 
indicate that adaptation to bfe in a trop cal cnvirontne t may be difficult To make 
the necessary hygienic and psych c adaptations requiresstrongcharacter determ ation 
and knowledge 

E ivi onmental mff ences other than cl mate which may seriously impair the effi 
ciency of white persons f om the temperate zones who have become residents of the 
tropics may he listed as follows 

( ) Comparative social isolation and consequent paucity of intellectual stimuli 

(2I Monotony of work 

(3I Dearth of wholesome ecreation 

(4) Unhygiemc hving 

(s) Depressing effects of di ease 

Infl ences numbered 1 sands have been discussed under Reactio softheN rvous 
System and number 4 has been dealt with in the sect on on Perso a! Hygiene 

Aeclimatization of the Soldier — Singer ( 940) has described concisely certain tests 
which he bel ves to be s g ifi ant for detemining the adaptabil ty or ad ptation of 
sold ers to cbmat c cha g s and 1 the methods us d for mere s ng the power t adapt 
t p onounced changes of we ther or of cbmate 

Acchmatization to Altitude — ^Most of the symptoms which ate xpenenced by per 
ons who ascend rapidly to altitudes of so 000 feel or more have been attributed by 
ceceevt students of the subject to dimmisbed p tt al pit sure of oxygen and the conse- 
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quenl >mptr{tct aeratjon of the AtUnal t^ood Tlse more gradual the ssceot the less 
hfeely are the symptoms to appear \«ung and tigorou* persons develop a eonsiderable 
degree of adaptation to altitude «ithu a period cf a a felt or less Keys OmSI sskJ 
that true acflimatizauon requires several months 

The frequency of mountain stchnt» tn persons crossing the Andes is attributed to 
the rapidity at the ascent 
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The possibilities of colonisatiMs of the Tropics by the white races from the North 
have been the subject of touch disagreement The most important contribution is that 
of f'nct 0^3^} fie attempted »ith considerable success to snsaer the hlh^rng 
questions W hy have ohile set tiers i« general laded in the tropics? Are they begin 
ning to make progress? Can they hope for ultimate success? Ilenasvtfyconscioiis 
of the complexity of the problem by virtue of the large number of causal or casual factors 
of pojsjhJe sgwfcaBce Tspeoalfy significant lor example are popahUoo der rty 
or weight of numbers the snvanabte presence of Crassbreeding the undercutting of 
advaoced groups by groaps nbo will acerpt lower bving standards and the political 
and eennonue pressures exerted by cttcrMt peoples on the tropical n-bites 

Pn«« said that Mediterratiean whites (Spanish Itabsns and Portuguese) react more 
favorably to tropical conditions than do northern Europeans and that they bare 
survived to a greater extent He reached the following loperUrit eoDcIusions The 
■hbjle invasions of the tropics teem to have shown that C*) white groups of [Wtibetn 
or of Ntediierranean ongin can inhabit the moderate tropics and reproduce there for 
generations (*) in these regions Whites tan engage in all types el labor and lihof ot 
ex icioe IS csstnCtal for their health (j) nlmosl all white letllers brr ed freely with peoples 
of lower cultural development ConsequenWy they tend to become absorbed where 
luch peoples are sufSeiently numerous (eJ people who work harder and who 
lowei standards of living tend to dnve out groups that demand easier conditions o' hfe 
(5) white people in the tropics have been tnucli affected by factors such as disttse dist 
economic influences aad political and economic policies 

Whites have been more successful on the plaieaos on continental margins m “C 
trade wind belts and on u/aods than in the wet dry or in the law and humid parts el 
thetropics I» the latter regions however prevailing diseases constitute a particularly 
serious obstacle Pree a book contains an eatensivc bibbogtaphy and also appmdi”* 
by Robert G Stone in which he evaluated the physiological data bearing upon the suh 
jecl of acehmatizatiM 

CastelUni (1938) said that permanent colomaation by the white race of the foo 
lying regions of the Iropif^wberetbecbiBsteisequable hot and moist and where tb«t 
13 no cool season is not possible and that such a clunate niiimatsly reduces ^**'*’*” 5 * 
to disease and has a deletenous effect on the nervous system On the other band he 
believed tbateoloniiatwn of the highlands 11 possible tf due regard is paid to sanitation 

V. ith regard to calomaalion of the northern part of Australia where the cbmale is 
hot and relatively dry Cilento <1933) said that the conquest of cbmaie is essentially 
the conquest of disease This is an extreme opioioft which is not widely beW 
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PERSOWAL HYGIENE 

Foreword — Information about the preventMii and control of speafic diseases caa 
be foaad in the sections devoted to ihast diseisas Md tn bools d«tog primanJy with 
preventive tneditme and public health Little information is obtainable from these 
books however regarding personal hygiene and prophylaxis for the individual This 
subject therefore wiR be dealt within the ensuing pages 

PREtWavASY PRCCAUTIOVS 

Medical Etamuutioo — Oefore making an eatended visit to the Tropics it u advis 
able to have a medical eaaraination to determine physical fitness The presence of 
any serious circulatory disorder senders a visit lo the tropics inadviuWe Persons 10 
afflicted ihotild scrupulously cvmd Ingh altitudes whet her on land or iff tbs ais Ocher 
contraindicaliane to be borne in mind are hyperthyroidism deiicieat snealmg on 
exposure to heat and disorderaof digestion Nervous or emotional instability jshhely 
to be aggravated to a senous degtee by prolonged residence in the tropica 

Dental Ewmmatton.— Decaose good dentists sw scarce m the tropica the teeth 
should be most carefully examined and treated if necessary before leaving home 
FilLiRgs of doiditful ditrabilrty should be replaced 

Vecemation against smaUpox and against typhoid fever including paratyphoid 
A and D IS advisable unless atb vaccinations have been performed wicbm two jears 
or the mdivrdasl is believed to be immune 

Anti typhus {p 951) and aofiyeUow feiee uiacuhtiani (p rise) have been 
advised for those who are likely to be exposed to these disea vs Tlecause some reports 
show that vaccination against cholera (p 633) usually becomes ineffective after * 
year or even some rsonihs it js neJJ to have il performed by the local health services 
if and when an epidemic is encountered 

Plague vaccine (p yot) confers a consideraWe degree of active imimwnty which 

may last for a year or more The protection conferred by passive immuniiation by 
means of an anti plague scrutn is of short duration Local health services can usuilly 
be relied on to perform either of these luocutations wherever plague prevails 

Egmptnent of special character which is important foe htallh should be carefully 
selected and obtained before gomg to the Tropica As a means 0/ proteetjon against 
jnalsm for example a mosquito net of autuble design and quality (p 1744) shou'd 
be packed in a piece of luggsge v hich will 4l»a3'S be available Boots or leggings for 
protecting the ankles from the biles of mosquitoes should be included <5ee p iliSl 
One or two canteens should be earned by persons who expect to travel much m the 

Tropics (see Uater p 17*8) 

A warm woollen overcoat »s indispensaUe in (arts of the Tropics where the rngnts 
may be cold or where the temperatun may fail rapidly Light wooBen Nothing a 
woollen bathrobe and a sweater are valna^ to prevent chilling even where Quctualions 
cf temperature are not extreme This is so because exposure to heat renders one 
hypereensitur fomodefile flocfH»twns of tonperatiue Cotton clothing and headgear 
suitable for ordinary wear in the Trojacs can nsnaily be purchased there more cheaply 
than in the United States 
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Food 

Food m the tropics except in tie best hotels >s apt to be u appetizing or onwhole 
some ifeatsare usually verytough Soups and vanous other foods are often exces 
SI ely greasy Kaw salad and ffu ts nhich are not pealed at the table must usually 
be regarded as unsafe to eat and ftu t o{ any kind may be scarce Continuing heat 
seems to depress the digestive functions and it tends to promote diarrhoea or consti 
pation In order to promote good digestion one should avo d excessive fatigue eat 
slowly chew thoroughly ingest an adequate amount of fluid and take ph>5!cal exercise 
regularly 

Diet — The quantity and kind of food eaten by tropical races differs widely Many 
individuals among them are undcmoumbed It does not seem possible in the present 
state of knowledge to base ad ice to northern Whites upon any secure foundation 
Theoretical considerations suggest that the proportion of the heat producing foods 
which are oidmanly ingested le carbohydrate a d fats might advant geously be 
reduced when m a hot climate and that meats could be taken freely It is by no 
means clear that the total calonc intake should be deccea ed for any considerable length 
of time because the increase of body temperature which commonly occurs after exercise 
10 hot weather increases met bobsm Obese persons can well afford to lose some 
weight but others should endea o to maintain body weight approximately at the 
usual level A diet of reduced calorK value may be adequate for sedentary workers 
Persona who « ercise much require abundant food 

I^'hatevei the diet in othe t spects it is essential that the accessory food factors 
iueh as iron and other mineral ults and the vii nuns (p oje) should be ingested in 
abundance Fruits ate important not only for their vitamin content but also because 
they promote normal action of (he bowels K taken in excess (hey may cause diar 
thoea il ghly sp ced foods may soon help to combat loss of appetite 

li cni Cram — In parts of the tropics no fresh milk is obtainable The milk ot 
cows goats buffaloes and e en of sheep may be used for dnnbng but reasonably clean 
tnilk IS rarely available Fresh milk or cream should therefore be bo led befate use 
or at lea t efficiently pasteunaed Pasieuntation at 14s F to >50 F for 30 minutes 
does not kill all the bacteria but can be el ed upon to destroy most of those that are 
pathogemc After pasCeutumg (be milk should be cooled quickly to prevent the rapid 
growth of tuivtvtng bacteria 

The accessory food facto s in milk except vitamin C are not much affected by 
pasteun ation Precautions required for buttermilk or skimmed milk nd milk to be 
made into t e cream are the same as for whole milk 

Various brands of dried powdered milk are believed to be excellent substitutes for 
fresh milk Thepowde ed milk should be dissolved m boiling watenn a clean container 
and used soon thereafter Unless to be used in quant ty the dried milk should be 
packed in small tins Otherwise it is important to protect the unused portion from 
mo stu e and from insects by keeping it m a container which has a I ght cover 

Powdered milk with suitable nodiffcalion can be recommended fo infant feeding 
It has approximately the same food val es as pasteurized milk Because it contains 
little vitamin C (p 1074) this vitamin must be provided from some other source 
Buller made from unclean sulk isa poss ble cause of tuberculosis orof other infectious 
diseases Butter is prepared howe er from pasteurized cream under sanitary con 
ditions m some parts of the tropics as elsev here When the cleanliness of locally 
prepared butter is in doubt canned butter or ole margan e may be used Canned 
butter of reliable brands probably contains most if not all of the vitamin A and pro 
vitamin originally present If fortified by the add tion of vitamin D this vitamin also 
should be retained (Nutritive Aspects of Canned Foods 1937 p 36 and personal 

Oltoma [arm s are of two types namety those which are made chiefly from vege 
table oils or fats and those wh ch ate derived fromaoimal products Most of the ammal 
oleomargannes are devo d of vitamin A To some brands however concentrates of 
vitamins A and D ate added Those whuffi have been accepted by the Council to 
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F oods asd of Jhe Amtnan Vodtcsl Assocatioo provide boC tiso 7joa 

U S P umt» of vitatnm A per pocBtl an anonnt which appionmatts the vitamm A 
content of an equal amount of good butter O-ving to a mhng of the Bureau of Animal 
Indusliy of the United Stales Department of Agnoitture oleotnari^annts produced 
from animal fals ma> not be fortified with vttaimn A Therefore in the United States 
only oleomareannes made from legetable fats can be so forUfied (Accepted Foods 
and their Nutntiosai Significance igjg p 40 and petsoiuMetter ) 

CAecrc — There is a great difference in cheeses with regard to their potentialities for 
carrying pathogenic organisms TTie well ripened hard cheeses which hate been stored 
for from 6 months to a years are Jess iikei) to be dangerous than are those of the soft 
curd type The latter are to be avoided nlieccvct tamtation is pnoiitive 

fra m lieiserit such as ice cream and water ices arc potentiaffy dangerous unfess 
prepared from pasteurized milk or from puce water and cfean fruit juices The safest 
rule IS to avoid frozen desserts except m places where the sanitary code is highly devel 
oped and well enforced The subject has been dealt with 10 detail by the United States 
Public Health Service (1940^ 

1 egftjlles which have been thoroughly boiled lose some of thor vitamins hiC'er 
theless because vegetables are hkely to have been contaminated they should not be 
eaten raw in the T>opics This rule applies particularly to salads made from raw fresh 
vegetable lo gmens used for garnishing to celery and the like It has not been 
shown that such vegetables can be rendered safe by washing them in a weak solution of 
permanganate 0! potash Tomatoes can be dipped into bothog water The skin 
quickly becomes loose ted csn (hen be peefed off easily It u weff to make the fullest 
use of fresh sative vegetables rather than to eat canned vegetables 

Friiifs—rresh native ffwtt should be eaten freely Iruils growing near to the 
ground should be treated as vegetables Those growing higher should ^ peeled It 
IS saier to peel the fruit at the table tbao to have it done in a Jutchtn where it may not 
be handled in a cleanly maoner Siimlatly fresh frait juices or coconut jailk may 
become contaminated if carelessly handled tn the kitchen 

IstfaotFeediOg— Breast fed lofaotsdo trellasarule fn the tropics and while thereu 
BO doubt that both mothec and child benefit thereby each case must necetaanly be 
judged 00 Its merits and in analysts nude of the mother s culk if the child does not 
thrive Harscon states that the quality of the Bulk of European mothers compares 
very favorably aich that of bamaii null in temperate chma tea and quotes in support a 
table giving the results of analyses made in Manila of the milk of American women 
These analyses conftiaed by Ifarstons observations abow that the projiorlion of pm 
teid IS less in nursing mothers in the tropics but that the percentage of fat is much 
higher On the other hand the resulta obtained by Jacob m Panama are not in agree 
ment with those is Manila He found that ihe nulk. of Amencan women tended to 
detenorate m quality as the infant s age increases and that the najJt of colored womeo 

IS ncher White women should nurse their children for at least two months hutwhere 

this IS impossible a wet nurse or artifiCiiU feeding must be employed The greatest care 
must be taken in the selection of a wet nurse Both the nurse and Jier child must be 
examined for signs and symptoms of disease and this eaaminalion fortified by such 
laboratory testsaaJBay be thought necessary lacJudtng Jjowfvrf a blood test m eve^f 

Aftt/ctai Fetdtnt — Balfour states of coune if good and pure cow a mrik can be 

obtained from sanitary dames then it should be used diluted and sweetened in the usual 
way Xtu however comparatively nrtJy available and even when it is forthcoming 
samples should be carefully analysed for it frequently differs from the milk of cows w 
temperate efimates It is usually more conoeotrated and the percentage 0/ total sol dr 
andof fit is higher Failing cow a milk goatsnulk which « often procurable maybe 
tried and has much to cooimend it notably because its casein forms a flocciilent curd 
and not hard cheesy masses Hence it u more easily digested than cow s milt The 
cream is » finrt globules than is the fat of cew s milk and thus it ts not so ruach in evi 
dente but the quantity is ample TJw goat « practically immune to tuberculosis w 
a cleanly aoiinal and if properly fed aod looked after will not eat garbage or soiled 
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fodder and its milL. under these conditions is quite palatable and can be humanized 
and used nith advantage All raw milk should of course be pasteurized 
Buffalo or caribou milh is unsuitable owing to its very high fat content 
Decks in Panama obtained escellent results in infant feeding by using a milk com 
posed of one part condensed milk to t o or three parts of evaporated milk when diluted 
with seven to eight or more parts of water In thePh lippmesa mi tureof uns eetened 
sterilized milk and cream has Lkewise given good results Canned milks however must 
be treated as fresh cow s nulk and be properly refrigerated and protected from vermin 
when the cans are opened \s fresh cans are required daily these methods have the 
disadvantage of being expensive 

Dried milks are no v employed to an increasing extent m the tropics They are 
prepared either by the rapid drying of fresh mila on rollers heated by water or steam 
after which the milk solids are powdered a th or without the admixlure of lactose or 
by the projection of imlk in the form of a very fine spr y mto a ebsed room where the 
water is removed by currents of hot dean dry aircausiig tbe milk solids to fall to the 
Boor 10 the form of a fine dry powder 

All dried milk intended for infants food 10 the tropics must be packed in hermet 
■cally seated tins If packed in thi way tbe dried preparation will keep quite as well as 
condensed milk Slackhani states that dunn* the war some of the steckt of dried 
milk were on hand a long t me and that in the Himalayas 0197 there were tins of 
dried milk which must have been imported in 19 or eailier The results obtained 
gave evidence of the excellent keep ng qualities of tbe brand of dn d milk used 

A Urge number of samples of dried milk ha e been etamined at the Li ter Institute 
of Preventive ^tedlctne with tbe result that u> no cate c uid tbe tubercle ba illus be 
found As the result of a series of expenments by Blackb m no spore bearing organ 
isffls were found Although the samples vere ota luallysieile only organisms such 
as the hay bacillus were found and pathogenic or sewage organisms were always absent 
Dried milk has tbe addit anal advantage (hat ice is not equired Cach feeding is 
constructed with boiled sienle water sugar or such mod ncation as u deemed necessary 
innediately before it is to be used Tbe only obi gatory precautions to be observed 
a e to keep tbe powdered milk dry and f re from tiserts n the 0 iginal container by 
means of the tightly fitting cover Anti scorbutics such as orange or lemon juice are 
uid cated and water must be given in am unts suffcient to replace tbe water lost from 
tbe Skin to avoid constipation and irnUUoa of tbe k dneys by a concentrated unne 

Beverages 

Water — Safe muoicipzl water is not obtainable in many communities m the tropics 
Except in the smallest places or in tbe interior bottled v ater of a reliable brand is 
usually available Water wbi h bas been bottled 00 tbe premises is Lkely to be unsafe 
for drinking The safest plan is to boil (be dnnfcing water yourself each d y For this 
purpose a Urge enamel ware kettle or a pot mth a. cover is useful Preferably the 
pot should ba e a lip for pouring Otherwise a ladle with booked handle can be used 
The ladle should be kept banging in the pot wh le the water is being boiled \fter use 
It should be returned to the pot without having been allowed to touch anythi g 
When travelling it is important always tocarry plenty of drinking wate inca teens 
0 other conta ners They can be filled with boded water or the water m them can 
hechlonnatedbytheadditionofasubstaiicesuchBshalazone Theo etically onetablet 
ofbalazone issulEcient to chlon ate onequart (or about looocc ) of water But ifthe 
watercontamsorgancmatter twotablets reve moiemayberequi ed Afterputtinf 
in the cfalonnati g substance the canteen should be sh ken to promote solution of tbe 
tablet One half hour later tbe canteen should be shaken again Then if enough of 
the chlo mat ng substance bas been used tbe odor of free chlorine can be detected by 
Its smell on removal f tbe stopper If there is no odor of chlorine more of tbe cblor 
mating substance should be put in and the procedure repeated Adequate chlorination 
can be relied upon to kill bacten of th typhoid and dysentery group a d the vege 
t tivc forms of £ k ( hlit as well though some b he e that the vegatalive f rms 



MB nst Lve la, waler Prohably (tdoesitotrenderatnoebiccysUnon mbU Tii«f 
tore boiltd I'Stw Js to be prefened 

Dnnkjng ■ftater sJiouJd not be £)ie7ed aJiet Iwilinj or put into eatchstt <ess«!s f?f 
coobng because Citers and eatibeto \esseU ace dcQiaiJt to keep clean Filler pumps 
have setwis disadvantages for use «n the field Fresh coconut milk is at limes an ticei 
lent substitute for a ater Beer is less satisfactocy (or slaking Ihirst 

tt heo svs eating is profus the body may be in need of sodiam chloride as well as 
water Xjuder these conditions Jt is adtuable to add about :o grams (o6 (im) of 
Cable salt to each pint (about joo cc ) of dnoiiine water 

IS Uttle safer than the water from which it was made 'Lnless knono to be 
clean it should not be allowed to come into direct contact with beverages or with food 
which is ready to serve 

Aicobohc bevenges should be faken in greAt modecatiiin if at all An etcellmt 
rule IS not to diuik liquor iB hot weather unttl after sundou n Ivegleet of this rule may 
invite serious effects from heat For the sake of the digestion strong liquet should be 
Bell diluted before b««g coBsirmcd Beither naCer nor ice a( daichtful porjly ran 
safely be put into it k cold dnnk is tefreshiog hut iced drinks taken in hot weatbet 
sometimes cause indigestion Beer » satisfying to some individuals but tends to 
increase thirst in others 

Most observers agree that an locre' se ol appetite and a stimulation of the digestive 
function freqiently appears soon after amval in the tropics This is often followed 
even within a short time bj a lessened desire for food e pectsHy animal food and a 
greater demand for spiced articles of diet The latter are represented by Ibt cumei of 
India and the cbilU of Meeico 

Manson Bahr has empbarued she special dangers in the tropics of over indulgence 
m food and drink beyond safe physiological (louts and tbe tendency to the pioductMO 
of tropical Uvet (seep 534) 

BfCtUCN 

Habita of Life —In genera) habits of life have racial or rational characteristics aad 
depend among civilized people almost entirely upon tradition iirespeetive of eoviron 
menc though tradition in its early stages ames from a lengthy adaptation to special 
circumstances ITierefore while the habits of the natives of a country are generally 
more or less »eU adapted to th conditions of the climate and to the stage of civihaation 
at which the race has armed the habits of the white races are adapted to the tetnpettte 
regions from which they come and necessanJy must be adjusted to the new conditions 
Habits make enviroiiBient unless environmert w pemutled to regulate habits cons* 
queutly the circumstances and conditions induced by petsistew e in habits unsuited to 
the ciiniaCe are among tbe chief and oulsunding <aus« of thediscoofcrtsend dangers 
ollropi alresidence Moreover there ts the feeUngamoog new arrivals whichisonly 
cotietitd by eapenence that the precaoliORS taken or tbe habits of life observed by 
the older residents are trivial unynslified or absurd C imatic adaptation is essentwl 
and must be assisted by correct habits and tbe acceptance of environroental circum 
stances which ait m conformity with tbe existing conditions of elitnate and temperature 

Exerctie — \ certain amourit of systemati daily ettrcue in tbe open atr adjusted 
to the age and physical contlition of the individual is essential for the maiWlmar't* Q* 
good health in the tropics It promotes sleep and rest stimulates penstslsis thereby 
assisting tbe body to expel effete matter ard overcome any tendency to constipation 
Tbe coacoeoitaot perspiration kids to greater eecretioa ol organre rsaJJer by tb* sweat 
glands and the more rapid cespuatioa to mom thorough Mtation of the blood E»er 
ase property tiketi improvea the appetite and capatBty for work and matenally lessen* 
jmtsbibty of the central nervous s^em Ivw arrivals stimulated by tie change of 
environment frequently have a tendeaej to indubwi in exercise until they are unduly 
fatigued with the result that they overtax their strength and experience exhaustion of 
the Vital forces rather than benefin^ effects Desirable forms of exercise such ss 
walking swioiming nding tennis $oU and boating should be taken in the early 
morning or late afternoon must aot be overdon and should be rotated to prevent 
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mo otony It is a mistake to play fenn s m tbe hot sun or to seek a rapid coat of tan 
by an undulv prolonged expo ure to the sun s rays Care must be taken to avoid chill 
after exercise A\ben possible a narm bath shoold be taken immediately followed by 
a cool shower and a vigorous rub down and a change of clothes otherwise protection 
from chilhng may be afforded by a sw eater or other suitable gar rient 

Jfofi and Res ! — Cilento (1915) stated that eipenments m New Guinea both with 
while men and with natives demonstiated that the quality and quantity of work done 
between the hours of 6 a m and 2 p m co siderably exceeded m both respects that 
done during any other set of hours no matter where chosen In most tropica! countries 
work ceases between the hours of 11 a m or 2 Noon and } or 3 p m the usual interval 
of two hours being devoted to lunch and rest The daily work period from 7 a m- 
5pm with two hours rest from 11 a m toipm was observed during the construction 
of the Panama Canal apparently without deleterious effects upon the workers who for 
the most part were eng ged in hard physical labor According to Cilento this routine 
IS well mtentioned hut faultily conceived the test period serving to accentuate the 
feehog of 1 itude on the part of the workers Production and contentment will 
undoubtedly be increased if the wo k is finished at 2 pm so that the worker may 
mdulge in rest or exercise or both danng the remainder of the day 

Most people need at least eight bou s of unbroken sleep at night in the tropics 
Some prefer to sleep on a veranda protected f om mosquitoes by a thorough screening 
orbyabednet Sundstroem from observations m Townsville found that the bed net 
tedueed the already poor cool ng power by one third At the tim* of the expenment 
the bed without the net would h veoffe ed a tolerable cooling power fora resting person 
After drawing the net this was impossible In a few experiments when comparing a 
bed on the veranda wi h one indoor it was found that the bed with drawn net on the 
veranda offered the tame cool ngpoweras the bed without net mdoori And yet people 
continue to eleep indoors If work begi s early late hours should be avoided for as 
Balfour states they tend to produce msomnia and the latter often heralds a bre kdown 
The midday siesta is commonly observed by most tropical peoples but the more 
energetic Anglo Saxon may d spense with it entirely It 1 very necessary for white 
women if they are to preserve their looks nd vitality and f t white children 

Salhng —Frequent da ly bathing for obvious reasons is both desirable and necessary 
mthetropcs Tepidorwarmb tb are to be prefened both because of better cleansing 
P operties and to av dchills In the case of those who h e had malaria and m whom 
the disease has not been enti tly eradicated a tel ps 1 likely to follow a cold bath 
Strong healthy people often derive be efit from a cool sh er after a warm bath as it 
removes the feeling of lassitude sometimes i d ced by a warm bath Cold bathing is 
not recommended for infants cfa Idr n debilitated old people Balfour states that 
shaving the axillae a native custom in many parts of the t opics would not only tend 
tor aids comfort but prevent tbe nsk of contract g those fungus diseases so common 
in the tropics 

Denial Ilyi — Putrefactive and fermentative processes are more common and 

active in tbe tropics a d infections of the alveolar mucous membrane frequently occur 
In persons who do not give sufficient care to the teeth Accumulat ons of tartar on tbe 
teeth imtate the gums and frequently lead to senous dental infections which timely 
removal would have effectually prevented As canes progresses rapidly all cavities 
should receive itnmedi te and appropn te dental treatment It has been said that a 
clean tooth never decay Thete Ib should be tho oughly a d properly cleansed twice 
a day with a tooth brush f only moderate ha dness and brushed alo g the axis of the 
tooth from the gum margin to rd the free suit ce and not cro swise as the latter 
cau es an irritation of the gums and may event ally cause them to recede thus e posing 
the roots 'latenal lodged in the mte st ces between the teeth should be removed by 
the a d of dental ffoss The teeth are part of a skeletal system that is susceptible to 
nutr tional influences Kappes from an exam atun of school cbldren found that the 
nly fe ture which seems t be of defimte ctiologc sign ficance in preventing decay 
isa diet composed largely ffruitsandvegeUblesandconcluded that heredity infectious 
diseases and the care of the teeth appear t beofbttle if any significance 



£704 


APPEVOOt 


can not li\e in natcr Probsbiy' itdonnaf tender amoebic cysts non viab!« Tliere 
lore boiled water is to be preferred 

Dnnking water should not be filtered after boiling or pul into earthen vessels for 
cooling because filters and earthem vrsseb are diflicult to keep clean FUter pumps 
have serious disadvantages for use in the field Fresh coconut milk isat times anexcel 
lent substitute for water Beer » less satisfactory for slaking thtrst 

\\ hen sw eating la profuse the body may be in need of sodium chlondc as well as 
water Under these conditions it is advisable fo add about lo grains (o 6 Gtn ) of 
table salt to each pint (about joo cc ) of dnokmg water 

lee IS little safer than the water from which it was made Unless known to be 
clean it should not be allow ed to come mlo direct contact with beverages or with food 
which is ready to serve 

Alcoholic beverages should be taken id great moderation if at all An excellent 
rule is not todnnklujuoriahot weather until after sundown Xeglectoftbisruleniay 
javite serious effects from heat ior the sake of the digestion strong liquor should be 
well diluted before being cansunted Neither water nor ice of doubtful panty can 
safely be put into it A cold dnnk is refreshing but iced dnnks taken in hot weather 
sometimes cause mdigeslian Deer is satisfying to some individuals but tends to 
increase thirst in others 

hlosi observers agree that an tncceaseof appetite and a stimulation of the digestive 
function ireQuently appears toon after arrival in Ibe tropics ^is » often foUowed 
even within a short time by a lessened desire for food especially smmal food end a 
greater demand tor epiced atticUa o( diet The btier are represented by ibe eurnei of 
India a&d the chilli ol Mexico 

Manson Bahr has emphasired the special dangers in the tropics of over indulgence 
in food and drink beyond safe physiologioil brails and (he tendency to the producimn 
of treptceUnec (seep sjt) 

REcnav 

Habita of life — In general habits of We have racial or naijonsl charactetubci and 
depend among civiliaed people almost entirely upon tradilioa irrespective of enviroa 
ment though tradition in its early stages arises from a lengthy adaptation to ipeoal 
aecuzoaUDces ITierefore while the babiia of the oatrira of a country are generally 
mote or less well adapted to the conditions of the climate and to the stage of civihaatioo 
at which the nee has arrived the habits of tbewhiteracesareadapted to the temperate 
regions from which they come and necessarily must be adjusted to the new conditions 
Habits make enviroatnent unless environment is perxnitted to regulate habits eonse 
quently Che circumscances and conditions induced by persistence in habits unsuited Co 
the climate ace among the chid and outstanding causes ol the discomforts and dangers 
of tropical residence Moreover there » the feeling among new arrivals wbichisonly 
corrected by experience that the prerautions taken or the habits of life observed by 
the older residents are trivial unjustified or absurd Climatic adaptation is essentul 
and must be assisted by correct habits and the acceptance of environmental circuit 
stances irfachareincojiforjajty with the existing comblions ofeJinsateaBd irmperature 
£Krciic — A certain amount of systematic daily exercise in the open aif adjusted 
to the age and physical condition of the individual is esseniial for the maintenaDce of 
good health in the tropics It promotes sleep and rest stimuJatfs peristalsis thereby 
assisting the body to eipel effete matter and overcome any tendency to constipstioa 
The coBcoimlaob perspiration leads to greater cKretiosi of organic matter by the sweat 
glamis and the more rapid respiration to more thorough aeration of the blood £ser 
case properly taken improves the appetite and capaaty for work and matenally lessens 
irritability of the central nervous s^cm J.ew arrivals stimulated by the change of 
efivirenment frequently have a wnden^ to indulge in exercise until they are unduly 
fatigued with the result that they overtax their strength and experience exhaustion of 
tie vital forces rather than beneficial effects Deairable forms of exercise such as 
walking twimising nding teniut golf and boating should be taken la the early 
motning or late afternoon must not be overdone and should be rotated to pitveut 
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comment or invites pity or mikes the patients at least a centre of passing interest are 
attributed to an irresistible mental demand for recognition To this also must be 
attributed the excessive and uncontrolled outbursts of passion they suffer when by the 
thwarting of some whim or the contradiction of some expressed opmion the infenonty 
complex under which they labor is called suddenly to the border of consciousness 
Second only to the will to persona) survival and closely related to it is the desire to 
create and whether th s is eSected by actual procreation or by the consummation of 
some wo k that holds the dominant interest of its possessor or by both it alone can 
satisfy the umvetsal and imperative demand for self fulfilment 

If such a demand is persistently foiled up to the point at which denial seems final the 
mental tension increases to and beyond the maxnnum of mental resiliency and the 
breakin strain is represented by over reaction to stimuli by intervals of alternating 
despondency and excitexnent and finally by that irresponsibihty eccentricity and 
lack of concentration known as neurasthenia At that stage whether the patient 
resides at the equator or at the poles or anywhere intermediate unless something 
sufficiently strong attaches the interest neurasthenia mast inevitably supervene 

Unnalural Lijtjer It cr«tn — If the hfe of the ordinary woman m the tropics where 
there are subject native races 1 examined it is obvious that her creative interest in a 
very considerable proportion of cases wiill find no expression whatever in any of the 
three ways which are most common namely in her children m her home or m her 
outside interests Many women coming to the tropics refuse to have children having 
been persuaded it is a dangerous and maybe a fatal proceeding Those that do have 
them often leave them to the care of a native nurse almost ecclusively Frequently 
they are persuaded that they are unable to nurse the cbld and cease to stand in an 
intimate parental relationship as would result f om the cate and nourishment of then 
own ehUd Many bereave themselves ol their children at their most engaging age 
by sen6ng them out of the country 

In many placea it is considered undignified for the white woman to attend personally 
to any of the datiea of the househoVl and these are left entirely in the chatge of house 
beya of whose native tongue she is probably almost entirely ignorant 

Aa outside interests are few and tn lal the one outstanding characteristic of tropical 
society becomes its lack of communal interests and this very lack produces a state of 
mutual misunderstand g which tends to embitter the few social relationships which are 
p ssible The great deficienc es are lack of interest and lack of physical exercise If a 
family IS not dependent for peace of mind upon outside social infiuences and finds 
Contentment n its own family life there is no reason to believe that mental or nervous 
conditions will devebp among the members even during the comparative isolation in 
penod of excessive ainfall ttith unmarried per ons the problem is more difficult 

PROPHYI-aCTlC Measupes 

Exposure to Sun — The requisites lor protection from the sun will be discussed 
under Clothing (p 7 ) and Headgear (p 171*) Megaw^ipyp) who was thoroughly 
fanuhar w ith cond tions in India wbe e Jhe sun is greatly feared has well s d that the 
sun s rays in the tropics have n mystenous pr pe ties and that the ser ou harm nh ch 
may result from them is an effect of he t (see Acute Efiects of Heat p 081) 

Exposure to Cold — Chilling 1$ lo be avoided especially by th se who have b d 
malatii d who may not be entirely f ee f om the disease Megaw (1939) h wever 
bel eves that the healthy body should b able to accomodat itself to moderate changes 
w temperature and that maintenance of full got requires expos re to such changes 
Hencethedebibty whichcommonlyde el psmpersonswhoa eexposedfo lo gpenods 
to an equ tie cl matt chai ctenaedl^ bi^texr^ratuie and humid ty 

The methods of p ophylans against imp rta (diseases are described in the sections 
devoted to these diseases or in that on a itation A few other matters wh ch may not 
ha e been coveted are ment oned below 

Food Poisonmg — Putrefacti e changes take place more read ly in all foods espe 
cially sea foods a d toxin p oducing bade ag v more rap dly in foods such as meats, 
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Ricnation 13 essential for Ihe maintenance of mental and emotional normality 
Sports games intellectual pursuits and hobbies should therefore be encouraged 

To escape from one s emotions is not possible Cartheii' stated that the mo t iropor 
tant thing is to learn how to judge the emotions how to value them how to control 
them how to divert them into harmless or better still into useful channels and this is 
what should be taught to the prospective wanderer before he ventures into the tropics 
Sublimation or canalisation is the process by which instinctive emotions are diverted 
from their original ends and redirected to purposes satisfying to the individual and of 
vafue to the community 

AenrastAemo— Jfental irritability and nervous breakdown in the tropics which 
in the absence of demonstrable organic lesions are commonly regarded as due to climate 
are frequently included in the term tropical neurasthenia for bek of a better term 

Crumpstonhas called most oi the neurasthenia ol 'North Australia kitchen neuras 
theriia Plehn has referred to outbursts of passion as tropical frenzy and Sir Have 
lock Charles has described similar neurasthenic manifestations characterized by 
shortness of temper forgetfulness sleeplessness and disinclination to work under the 
title Punjab head. 

The real cause ol these nervous nanitestations tan undoubtedly be traeed in most 
instances to faulty habits of life such as overfeeding poor ehrmnation bek of esercise 
faulty dally routine excesses the absence of any creative interest work or bobby 
unhygieni surroundings endocrine disturbances and the depression of previous or 
roncomitant parasitic infections All physical agents such as beat light humidity 
winds and glare are merely aggravating factors and not the primary cause which » 
essentially psychological in character 

Uyborn stales that a person removed fron his native surroundings to which his 
mentality is adjusted to a new environment whether tropical or polar will suffer 
until new and mentally satisfactory associations and mental adjustments have been 
made Depending upon the mental development of the individual even from infancy 
this change may or may not occur 

A tendency to forget names and an inability to recall immediately famihat tnfiiog 
details at will a common defect among tropical residents is directly related to lack of 
exercise and disappears when adequate exercise is taken Hintte points out that 
although all women can Lve in the tropics if they live rationally those who are poor 
and so are forced to work hard do uncommonly better than those for whom everything 
IS done 

Types or Tropical Neurastsenja — Apart from that due to definite organic cause 
neurasthenia as observed in the tropics is of ti o types The one type is due to indolence 
and self indulgence and the other to the depressing monotony of bard work under 
unfavorable circumstances Cilento states that an instability of the mental equi 
libnum is manifested by fits of exuberance alternating with slates of depression 
Unwarranted irritability over tnvial matters is a leading early symptom and even blasts 
of fury are not uncommon especially with male patients A lack of self confidence is 
often a prominent underlying cause and is associated with a diminution of mental ability 
activity and the power of concentration An unresponsive memory added to these 
disabilities greatly diminishes the working capaaty The realization of this mental 
state by the patients and tl eir futile attempts at readjustment produce even greater 
bek of self-confidence and an aggravation of the entire syndrome As noted by Cook 
in old residents of Uganda nervous imtabAity » shown by a response to small sUitiuIi 
increased reflexes tachycardia and insomnia Dreams of a depressing or a terrifying 
nature ate frequent symptoms which upon analysis show most definitely some complex 
based on the non-creative monotony of tbcbfeof the mdividual some apparently great 
failure to adapt themselves to the circumstances of life as they are 

tthite persons in the tropics and natives following the daily routine of tnvial 
clerkships together with the neurasthenics of temperate climates are all alike victims 
to that craving for self-expression that their vocauons deny them They are fixed m 
circumstances to which they cannot adapt themselves mentally ai d their eccentric 
actions are evidence of their revolt The ostentation and invalidism that attracts 
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Thus bite IS the coolest color snd bghc blue a color commonly used m garments of 
the Chinese coohes and Egyptian laborers compares fav rably ivith khalci \\hile 
temper tures in the sun depend upon the color exposed they are also influen ed by sur 
f ce texture and the rate at srb cb beat ss lost by convection The differences in tern 
perature noted nitb the various kindaof khaki eretboughtt bedu to differe ces of 
color as some of the test pieces were of a distinctly lighter color than others The 
Solaro and similar fabrics which were used estensi ely t the time the actinic ray 
theory was regarded as of paramount importance do not apj ear to afford protection 
superior to that of thin khaki Practically po difference in tb temperature 1 as 
observed when la}erscf nbite cloth «e e placed nder khaki 

An extensi e expenment in the daily use of orange red undernear by 500 men nhich 
uascond cted in the Pbilippmeswas reported by Philen 10 pio Ad ei^ual number of 
men wearing nhite underwear nece ob erved at tbe same time as controls His con 
elusions were that the slightly heavier orange red underwear added materially to the 
burden of beat upon the system which is undoubtedly tbe great cause of trapieal 
deterioration To balance this it is protective against (be cbemie I ray theinSuenee 
of which IS regarded as of little rooment a d which is sulEciently excluded by khaki 
clothing and tbe campaign hat worn at present Certainly no beneficial effect what 
ever was observed from the use of this clothing This exper ment suggests that any 
efforts toward increas ng the physcal well being and elTci ncy of the sold er shall be 
directed toward protecli g him from the debilitating effects of b at and humidity 
Ifofm Ir -^Xrt cles of clothing hold moisture either I tbef rm f droplets between 
the fbers or by absorption of tbe water by tbe libers Animal fibers absorb more water 
than do plant fibers et fibers s ell and thus lend to occlude the inte stitial spaces 
On the other band water heldiatbeintersUcesoctludethesespacesecen more Cotton 
fabrics have a greater tendency than woolen to stick to the body when et This 
IS a dis diantage because t occludes tbe air space which should cist between the 
clothing and the body tVool es| raally w hen loosely oven appears to be the only 
fabric 1 bch still permits when saturated the passage of air between the fibers Tbe 
interpos dUyerofa pre ents too rap d evaporation of later from woolen underwear 
and chilL g of the body by rapid evaporation from woolen outer garments Tbe 
hygroscopic power of wool tends to keep unde gannents of other Biaterials d y as 
e idcnced by the p ctice among soldi ts of > eanng woolen over cotton socks during 
long inarches in hot we thet Wo Irnmateruh however arelesscle nly than cotton 
silk orhnen They show tbe out ard s gnsof d tl less but tend to shn konwashing 
a d often irritate tbe skin when worn next to it tilth tbe exception of the woolen 
sershirtandsocksforacUveworki (heopen andhght mennound rwearforchild en 
and debnitated p rsons dun g the coole months white or light colored cotton linen 
or silk will be found more comf rtable u the tropics Linen is more durable weight 
for weight than cotton and because of tbe smoothness of its fibers & ils less re dily 
It IS als sa d to be cooler and more absorbent than c tton 

The best interests of bjgi einibet pici are served by clothing that can not only 
be readily and repeatedly washed but that can also be sterilized or disinfected by boil 
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communicable skin diseases are popularly called dhobie or washerman s itch Pn 
vate individuals or families should if possible insist upon the attendance of the washer 
man instead of allowing him to take clothing away 

Clothtnc 

Types of Clothing — \\ hen selecting clothing it is important to bear in mind that 
free ventilation of the skin is essential to promote cooling by evaporation of perspiration 
and that dissipation of heal from the skin takes place more rapidly from uncovered 
parts of the body 

In a hot equable climate alt garments should be loose thin and light in weight 
The shirt should be worn open at the neck and the sleet es should be short Instead of 
trousers ^^egaw (rpyp) advises cotton shorts which ate buttoned to the shirt to 
render the use of a belt unnecessary Shorts are not suitable when protection is needed 
from insects or from leeches or in areas where abrasions of legs may occur 

When a coat must be worn suspenders may be more comfortable than a belt 
Longitudinal slits under the arms of shut and coat promote ventilation and are visible 
only when the arms are raised Cotton suits for use in the hotter parts of the tropics 
should be made of very light material Even so a heavily starched suit is impervious 
to air It has been suggested that those who do not perspire properly need wear no 
underclothing However underclotbiogisprefcrabte It should be of light and porous 
material which will absorb the perspiration and permit it to evaporate gradually 

The ty pe of clothing to be w otn by either sex may require modifications for protection 
from insect bites Other modifications are required wherever sudden or considerable 
changes of temperature occur Under these conditions a sleeveless sweater or a light 
overcoat should be at band Ligbtly woven woollen is preferable for outer clothing 
nhere the diumal range of lempentutt is considerable 

After prolonged exposure to constant beat the body becomes extremely sensitive 
to changes of temperature A drop of mote than lo P produces a disagreeable senia 
tion ot cold and unless warmer clothing is put on promptly a fuilhet drop may cause 
chilling and an attack of diarrhoea 

Spine pads are useless Cbotem belts have the disadvantage that they may 
became soaked v ith perspiration and thus increase tbe chances of chilling the abdomen 
They tend a! o to induce pr/ckly beat 

Color — White will generally absorb tbe smallest amount of radiated energy but 
W ood has show n that ultra violet li'bl is not reflected from all white surfaces as those 
treated with zinc oxide or Chinese white appear black when photographed by this light 
The following table compiled by Rubner gives the absorptive powers of different 
colored clothing materivfs compared with white as i oo 


White 


Dark green 

Q 

Light >ellow 


Red 

HiLI 

Light green 

) 40 

Light bro in 

U'liJ 

Dark yellow 


Black 

MM 


It w ill be noted that black can absorb over twice as much heat as white Ezperi 
ments with rabbits by Gibbs have demonstrated the supenonty of the protective value 
of white over the darker colors tVbite gray and black rabbits were exposed at the 
same time to the sun in Manila under identical conditions Tbe black rabbits died in 
thirty three nanutts the gray in one bout and thirty two minutes while the white 
rabbits recovered after the same exposure to the sun accorded the gray 

Fabrics of vanous colors and weaves were exposed to the mid-day sun by Grabham 
at Khartoum in 1918 on bright still days with thermometers Inserted so that the bulbs 
were covered by a single thickness and separated from the support by at least five layers 
of the same cloth The following temperatures the mean of three experiments were 

recorded 
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To protect the ankles from mosqmtoes in the evening close 6ttmg white leggings 
are desirable both for men or ' omen Men can wear them under a pair of white 
trousers The lower end of the le should lap over the white shoes hke a spat 
leaving no opportunity for mosquitoes to bite the feet 

Bools Shoes and Socks — Low white canvas shoes are perhaps the mo t comfortable 
foot wear for the tropics with white buckskin next Outside of settled communities 
however high shoes with leggi gs or puttees or boot are essential The best results 
a e obtained by fittm^ boot or sh es over a thick pair of socks to allow for the swelhng 
of the f et which is associated ith hot weather and for their erpansion dunng long 
walks or exercise Comfort is increased by foot wear not too tight over the instep 
with plenty of room for the toes and with pliable soles The tendency of the skin to 
maceration and the pre alence of skin infections require that particular attention be 
accorded the care of the feet It 1 dc irable therefore to use ne footwear for short 
distances before wearing them for any IcHbUi of time New boots may be made more 
pliable by a liberal application of neat s foot o I o castor oil Insects are not attracted 
by white clothing consequently the weann of hite socks or stocki gs renders the 
wearer les liable to bites on the lower e I eroities 

The IoOb mosquito boot made f thin white canvas or of hght soft leather is 
very comfortable for event gwear It protects the ankle completely from mosqu toes 
II 0 e s Cf g — Fashion sets the style and cut of the clothes in all local ties 

Sundstroem pointed out that the white woman as well as the white man wastes 10 unnec 
essary clothing a large reserve cooIuIb p we With proper clothi g this cooling 
power when added to that constantly a liable would greatly improve the heat elimi 
nation e en to the point at wb ch many of the secondary and probably harmful tropical 
eS cts would d s ppea 4s for men loose Hcti g garments of white or light colored 
washable material are indicated for wone n the trop cs L ght weight cotton and 
hnen materials are said to be cooler than s Ik V4el] constructed wb te parasols p ef 
erably lined with green w 11 be found most agreeable to both the eyes and the uncovered 
ekin when exposed to the sun dunn the hottest part of the day 

d Id ms Llothini —Care must be taken to p o ide timely a d proper changes of 
clothing as children ar e y susceptible to variations in temperatu e In ge eral 
loose hum garments alio mg free circulation of a r and made of material both absorb 
e t and porous are necessary Infant requi e the year ou d underwear of silk or 
mixtures of silk 0 cotton nd ool varying only in tbickne to suit the season Long 
clothes are generally condemned by all authorities Waterproof fabrics may be used to 
pr tect cbldren s mattrrs s but they cause irritation of the km must never be 
placed over an infant s n pkin One piece play suits of khaki or light blue with loosely 
woven nainsook corabinatnn u derwea tope eotco stnction at the wa st and irrita 
tion of the skin re ide I dut g the hot weather Most auth its however bel eve 
th t unde w ar of light flannel which in add to to b n warm is b th ab orbent and 
porous IS preferable d n g the c oler weather and throughout the rai y seas a A 
nigbtgov n f thin flannel with a running tape at th bottom for fants and one p ece 
pajam s or knitted sleep g s ts s ch s the Arnolds fo older children will prevent 
ezpsureofth skin at night withit attendant da g r of chill To prevent hook orm 
shoes must be worn in all countries wber th dsease is endemic Sandals have been 
recommended but it is doubtful il they prot ct th fe t as well s shoes 

Bain Clothe — Tropical conditions lequ e that waterproof clothing be made with 
seams cemented and st t bed as rubb r cement tends to soften m the heat W hile all 
r n clothes ace hot th po ho or wate p oof cape affords better ventlalion and is 
probably the most comf t ble O dinary f bncs may be wate proofed by immers on 
in a solution of five ounces of 1 ol n or wool f t dssolved in a gallon of petrol The 
excess of the s lution is then removed and the articles dried m a curre t of ir Gar 
ments t eated by this process which is described by Lukis and BUckham are sa d to 
protect well from the r nd yet are permeable to the r and can withstand moderate 
washing Lack of ventil ti n c ses the garment to become wet inside as a result of 
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ing Tarasitic akin diseases are very picvaknt in the tropics and it is regarded as next to 
impossible to cure those cau ed by moulds or mites without thorough and repeated 
disiniection of all clothing in conUct with the infected skin 

Cotton is comparatively cheap fairly durable may be obtained in any color er 
weight and is perhaps the best avaibble material for both underwear and outer gat 
ments The experimeiits in the Phihppines would seem to indicate that ultra violet 
rays are largely stopped by the garments exposed to the sun and that white cotton under 
wear will amply protect the skin from such lays as may possibly filter through As 
clothes tend to become more easily soiled through increased perspiration many more 
changes are required than in temperate climates \\ hite is the Color of choice but 
w here the nature of the w ork precludes this color the lack of laundry facilities or the 
cost of washing would be prohibitive LhaLi or similar material may be substituted 
Silks such as tafietas mercerued cotton leather and rubber tnatertals do not keep 
well in the tropics White cotton aod Lnen articles such as sheets and table cloths 
when stored outside of a dry room tend to become spoilrd with moulds aod rust sums 
due to a fungus It has been shown that many of the air borne fungi are either lulled 
or inhibited m tbeir growth by a liberal application of formaldehyde Consequently 
tpnnkbng formaldehyde on bedding and table linen or tbe interposition of parafotmalde 
hyde tablets incased in small gauze sacks will prevent or reduce to a brge extent the 
development of these moulds troublesome from the viewpoint of tbe housekeeper 
Iftedfear—Ait exceUent substitute for as umbrella or tbe crude and cumbersome 
hats of native workmanship is a helmet with a Urge bnm which wiU shade tbe neck 
The protection accorded by the pith helmet depends upon its light color tbe low con 
ductivity of the pith crown and the provision made for free ventilation Tbe heavy 
helmets frequently seen in tbe tropics cause faUgue of the head and neck The cork 
helmet withstands ram but it is heavier and less cool than the pith helmet Tbe 
maximum of comfort and protection will be provided by a helmet which is white in 
color light m weight and constructed to allow free circulation of air \enU)ation is 
obtained by openings at tbe top of the bead piece and an air space formed by tbe 
insertion of cork disks between tbe besd band and tbe inner walls of the helmet fro 
tection for the pith helmet against ram may be secured by a removable waterproo! 
cover Corson found that with a maximum shade temperature of Sd to 8S F and a 
fairly strong breeze the felt hat ard tbe red let showed temperatures within the hats 

of from 105 to i>a T vith exposures of from to minutes to half an hour or longer 

ladies felt bats 108 F white pith helmets 97 to 98 F Panama straw bats rarely 
showed temperatures above 100 F After wearing a Panama hat for a year m tropical 
Africa he preferred It to the heavier Wolseley helmet which he had wornpreviously 
I have known adults who could go bare be^ed and unharmed in tndo China in the 
Belgian Congo and in the Amazon basin One of them was almost completely bald 
In Panama very little care is taken to protect tbe head and nei-k against the sun 
At tbe white schools in Balboa aod other towns on the Isthmus the hat is said to he tbe 
exception rather than tbe rule This practice is observed largely by children and 
young adults and apparently la mcxeasiog dunog (be summer <0 the United Stales 
Acting upon the belief that the sun has no power to produce damage by direct exposure 
and that the lU-eSects resulting from strung sunlight are due to tbe action of the glare 

upon the eyes many walk about in the un with tbe eyes protected by dark glasses or 
dark eye shades but unprovided with hats and apparently suffer no iB-eOeets 

Certain individuals and among them most of those who have experienced heat 
pyrexia are extremely sensitive to hot sunlight which falls upon tbe head or upon tbe 
neck They may neverthele s obtain adequate protection m tbe tropics by wearing 

a good helmet 

--For ndmg for walk) gin the bush or to protect the ankles from mstets 
the canvas leuging is comfortable and reasonably adequate The spiral w'oollen puttee 
has many di advantages and tbe leather puttee is needlessly heavy If the Uggmg is 
to be used for nding the lacing should 1 ad through the eyelets instead of being held 
in place by hooks which catch on the stimip 
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ilmuld be protected by a ceiling &nd the intervening iir space weUsentilated A 
thatched roof has the advantage of coolness but it harbors insects and other pests 
In many tropical countries the verandas m addition to providing shade and pro 
tecliDg the house proper from sun and rain are used as hving rooms as they are open 
to the breeze 

To promote comfort verandas should be much larger and more eitens ve in proper 
tioQ to the house than in temperate cbmates A veranda should be bu It not only to 
provide shade but to act as a shaft to assist in the circulation of ai( Frequently they 
are too enclosed to serve this purpose and hot air banks against the side of the house 
in a deep layer which warms the adjacent rooms To avoid the accumulation of hot 
air verandas should be double roofed and the interspace should be u ell ventilated 
Ualerials — Aside from the native thatch or bamboo build ngs may be constructed 
of mud wood sun-dried bncic burnt bnek stone and cone ete Grabham conducted 
eipenments in iqi$ with building bricks A hole as drilled from the end so that the 
bulb of an i sorted thermometer was about the center of the brick A pair of burnt 
bricks and a pair of sun-dned bricks were used One of each pan was white washed 
while the other was left plain They were Chen ctposed to the sun for two consecutive 
days The readings of the thermometers at 1 p m were as follows 


Materul 

February 9 I 
*pm 

February 10 

Plain burnt bnck 

S7 a c 

Si 3 C 

PtsiQ sun-dned bnck 1 

54 1 

jO 4 

blud bnck whitewashed 

49 s 

46 9 

Burnt bnek whitewashed 

4S i 

4 $ i 

OQieul maximum 

a 4 

3 t 


He concluded that the tezture probably contributed to tbe difference m favor of the 
eun-dned bnck 

In Panama very satisfactory types of one and two story dwellings were built of 
Wood d nng the early days of can I c ostruction They conformed m general to tbe 
bungalow pattern and h d wide verandas on three and a some instances on four 
sides which were equipped with either single or double screened doors These doors 
always opened outward to prevent tbe ingress of mosquitoes and other insects when 
they were opened Chamberlain slates that it is particularly important that windows 
should be either of the French iwmpng type or else slide into the vrall in order to permit 
compi te opening of the window apertures The melbod of sc eeni g in the Canal Zone 
IS to screen tbe entire porch and not tbe w ndows or doors of the bouse proper This 
allows much mote air to c culatc than would pass through screened windows and doors 
He did not find the bouses hot or stuffy as a result of the screening 

Houses built of concrete have great advantage over wood in that they are perma 
nent cannot be harmed by white ants (termites) are less hkely to become infested with 
ordinary ants and cockc cbes and are more easily rat proofed 

In some recently constructed buildings ntheCanalZone Chamberlain found that it 
was entirely practicable to make all tbe concrete members very small and by thus 
almost eliminating tbe wall tty free ventilation was secured Sufficient overhang 
on each story was provided to keep out Ibeia ns which occur on the Isthmus and which 
are seldom accompanied by wind In countnes subject to dnving rams it would be 
necessary either to build v ly wideo erbangs or dse to provide sashes which Could be 
closed when necessary 

Cat r — Grabham conducted experiments at Wady Haifa in ipji with ffasks painted 
with colors m common use Wh te and Uack sta dards were provided The white 
flask was treated with a lime ash wbichgavcawbite mat surface and the black stand 
ard flask was coated with a mixture of lamp Uack and arnish which dned with a dull 
black surface Tbe results of the cxpetimcnts ate show n m the foUowvog table 
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UoMsmg —The prinutive house m ezeihplified by many native huts is e entially 
a one roomed enclosure prasrded enth « roof Larger houses are coUeciions of such 
prumU'.e rooms arranged mote or less in accordance nilh custom comfort and con 
venience Jn the tropics the objeeb to be attained m buildin^ constroctwn are to 
allow the manmum amount of shade and olsenliUtion or air circulation and to esclude 
the greatest amoutil of heat The kind of house to be built Hill depend upon the arclu 
trctursj customs or styles and upoa the ennconraental conditions 

There are two general types one of which may be called the bungalow pattern and 
the other the Spanish type of bouse The first typeis charactenred by «ide serandas 
broad passages the Utgesi possible amouot of wtodour space the e!esat»n of the 
structure two to three feet a?>ote tbe ground on wooden or preferably Concrete posts to 
permit free nrculation of aij beneath the house The rooms ate arranged w a single 
row one room m depth so far as pnssibk to faohute the free passage of the breeK 
Elevation of the structure on posts either wood creosoied wood concrete bnck or 
stone is a very great advantage and jf sulTicientiy high mil provide otdirable space 
beneath the house M kite paint or even white wash applied to the under surface of 
the flooring even though the afiaceunotuiilirfd isanadvantage as it lends to prevMt 
the hsrbonng of mosctuitoes which prefer dark win^ a shelters All posts should be 
equipped >nth a gutter for oil or other suitable preparation to repel ants 

Tbe second type is of mauive construction without verandas but v ith thick walls 
and butJt about a central court or patio ibgli rarrow shuttered windons are pro 
vtded which are kept closed during the day to eiclude both heat and light Coolness 
of th ouutde walls which ui the old ^panisb house was obtained through tkckntH 
may also be provided for by double concrete malls properly rat proofed containing an 
airspace Modern hollov budding ides hould be very effective m this type of bouse 
The Spamshtype seemsbesladaptedtohottnbndtownswhilethe bungalov type 
IS more favored and perhaps better adapted for humid coastal areas 

Damp { roof courses of slate {Used or v ell tarred bncl sheet lead tile or other 
kOiperRieable material must he inserted hontoolally ikrou h the entire thickness to 
prevent moKture from rising >n the walls 

Lo o/ioft —From the standpoint of health the pniaary considerations m tbe site 
for a dwelling arc its locatioti with reference to prevailing winds mosquito and fly 
producing areas andnsii e poputadoos The opportunities for a good wafer and food 
supply and tbe proper disposal of etcreta and refrse of cour e require consideration 
The situation should have a cheerful oullookand be eJe ated preferably os a slope 
with good natural drainage Sandy or gravelly soil bears weight weK and is said to be 
the best Clay tends to brink ox swell with changes in the weather and to cause 
cracks in buildings placed upon it Soil with a, constant level of ground water is pre- 
ferable to that in which the sabsaif i ater vanes with the season Tbe ground water 
should be 0 to 8 feel below the surface \ site lo windward of swamp and nilivecom 
munities will reduce the Dumbes of mosquitoes Anopheline mosquitoes insuntUvely 
fly toward a light and are capable of flights over a disfan Oof x miles or more A stretch 
o\ open water i jro\e vn vnitkv does not oppww «v eSectsve bairiw Dwnng the eww 
struction of fbe Panama Canal if wa the practice to rwoov e vegetafiou and keep th« 
grass closely cut fora radius of wyaydsabMt white settlements lo prevent mosquitoes 
finding shelier during the day While this is not ordinarily practicable it is well to 
keep grass near a d elhng cu< and avoid mass s of vegetation in lands gpe gardening 
N ines about a veranda reduce veutifatioit and afford /esnnj, places for mosqu toes 
The house should be so placed as to obtain the greatest advar tage from the pre aihng 
winds Balfour recomraendi rhat the bmkhog be oriented to face north and south 
Roofs may be either peaked or flat but the Sat roof is some chat kocter than the 
former In either case coolness can ^ enhanced by a double roof with an mterspice 
connected v ith the outer air to provide ventilation Thwough screening of all openings 
13 necessary to pceveiit the entrance of bats and rats Calvanwed iron roofs are very 
hot during the day but lose kea t rapidly at n ght When this tiutor al is used the rooms 
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(3) Roof spaces should be enmiiied at mtenals %ith s lantern 

(4) Dead Umber should be removed from the v cinity of buildings An old stump 
01 a uegl ctcd heap of firewood encouiagcs white ants Pieces of timber left leaning 
against a wall may enable whit ants to enter 

(s) If white ants are found tnabuildisg no time should belost in dealing with them 
The tunnels should be brohen avay as far as they can be reached and white ant solution 
apphed freely to them and to the surrounding wood The extent of infestation should 
be traced out and care taken that no other means of access is left 

(fij Posts attacked by white antamay be treated by fxinngan augur hole d agonally 
downwards filhng it with white ant solution and refilling so lon^ as the solution soaks 
into the wood Uben full of the solution the bote may then be closed with a wooden 
plug In addition the earth can be loosened up round the post with a bar and thesolu 
tion poured down the side of the post 

(7) A good white ant solution may be made as follows 

Mix i lb commercial arsen c with i Ib commer lal caustic soda both in the dry 
c ndit on Use a stick lor miung lAhen thoroughly mixed add water and stir up 
into a paste A good deal of heat will be evolved when the water is added keep on 
adding mote water and sUinng until the total added amounts to 2 gallons Then boil 
for a few minutes Stirling meanwhile Wbeucool strain through clean hes lan or other 
suitable material to remove d«bns and bottle and tore for use Label IthiteAnt 
Mixture— Poison 

Street s White Ant Cure » also efficient and does not stem pine wood 
For coating posts or other woodwork before putting into the ground the above 
described solution may be used with good results in keeping ofi white ants and prevent 
1 g rotting Flymel will also Serve well for ihi purpose as will crude creosote or the 
patent preparation Sohgnum 

Be erj— Borerleetlesarelabletoattackfurnitureandwoodwork The presence 
may be detected by fine w ood dust and bores of the size of a pm hole or larger They are 
capable of do ng serious damage to floors walls or furniture and require careful atten 
tion Ihey will attack hardwood as well as p ne Treatment of the surfaces with the 
whiteart solution will generally dispose of them It requires cate in apphcation be ng 
liable to damage certain kinds of surfaces A good welling with turpentm apphed to 
the mfe ted surface w th a brush and re apphed if necessa y will give useful but not 
always urtain results Carbon bisulphide p intedon seSective Itisinfiammablein 
the presence of a light and smells oSens vely before it dries 

Infe ted article of smaller furniture nay be cyacid d Fainting infe ted surfaces 
will till any bo ers in th wood nd will assist in preventing fresh attacks During 
inspection of buildings and furniture borer beetles should always be lo ked for 

Co J L I t Querli ’ — Of this Balfour says The motto where ignorance is 
bl ss tis folly to be wise is not applicable to domest c hygiene in the tropics and espe 
cially to th kitchens their annexes and the servants iatr e tVhe e regular inspet 
t ons are earned out nati es soon learn tl t it pays tube cleanly but it requires a great 
deal of e ergy and force of charade to keep them up to the mark Stables usually 
require a good deal of looking after esp lly as r ga ds the presence of fly nu senes 

A Condtt tug 

Art fi I cool ng of the air m Irop cal dweUiogs and n railway trams has long been 
practised Its use i India has been well desenbed by Megaw (1939) The method 
commonly employed the e depends upon rapid ev poration of water from a Khus 
Rhus screen nd upon draw ng out r air through the screen and into the room to be 
cooled by means of a suction fan Thus a constant supply of cooled air 1 obtained 
The method is effecti nly when the atmospboK humidity is low If possible the 
sc e nshouldbeplacedonthesideofthehonsefaanglheprevaihngwind An exhaust 
f n can sd anUge usly be us d on the oppos te s de of the room The entrance to 
the room sh uld be through an antechamber provided with close fitting spring doors 
CooUng of the air may also be promoted by spraying the floor with water or by baneine 
up sheets and keeping them wet ® 




Number of 
obser 
vations 

Temperatures in 
degrees 12 30 p m 

whitewash 
deg F 

C 

F 

Black standard 


66 2 



Black paint (9) 

8 

66 S 



Brown paint (8) dark 

8 




Green paint (4) dark 

ff 

63 8 

146 8 


Cray paint (y) 

8 

61 0 



Cement wash (P \\ D) 




26 8 

Khaki paint (6) 

8 




Red paint (P W D ) 


58 2 



Aluminum paint 


58 I 



Dull red paint (P W D } 

>4 



1 20 0 

Plain tin 





Scarlet paint (to) 

8 



IT 4 

Straw paint (5) 

8 


129 6 


Cream paint (r) 

8 

Si 0 


It 5 

Cream enamel (t) 

8 



II S 

W hite enamel (3) 




6 S 

White enamel (P \V D) 

14 




White standard 


46 6 

ttS 9 



At a practical test one half of tbe corrugated galvanized iron roof of a barge nae 
nbite rv ashed «hile tbe other half remaining m the usual condition presented (he rather 
dull surface of ^leathered metal Jo the tuothine of the middle hours of the day the dif 
(erence in the temperatures of the txro halves of (he roof uas very striking ThepUm 
metal became very hot while the nbten ashed part rtinained cool and could be bandied 
with comfort In moving about under the roof which was low the radiant heat from 
the plain half was oppressive while beneath the whitewashed part it was possible to 
remain in comfort without a hat He is of the opimon that a roof painted w bite is as 
efficient as an un painted roof lined with wood The glare from the white roof however 
would necessarily have to be taken into consideration 

Objection has been raised against the color of cement on account of its effect upon 
the eyes Cement is cot a pure while and soon weathers to an even darker color 
Chamberlain is of the opinion that (be only objection to concrete is the monotony of 
tbe color which causes a depressing effect This could be easily overcome if tiles were 
embedded to a certain extent in the extenor of buddings to give variety and color Tbe 
pink blue and green tiles of tbe Spaniards are restful to the eye and attractive but 
as they require frequent cleansing are an item in upkeep 

Ttrmttes and Other Insects Destrsutne to Hoad— Extreme care must be taken to 
prevent white ants from infesting buddings The Department of Health Common 
wealth of Australia gives tbe following measures for their control 

(i) Regular inspection underneath buddings raised on stumps the examination of 
each stump cap and ant stop for (he earthen tunnels which show the track of white 
ants the examination of the sills of buddings which are erected on concrete foundations 
and dose inspection inside Boards in which white ants are working yield a hollow 
sound on tapping them with the knuckles Tbe gnawing of white ants in infested 
timber can sometimes be heard especially on a stdl nigbt from inside a building 

(0 Examination of any pipes or other uncapped communication between tbe ground 
and the budding Where a pipe is brought up alongside a waU the protected side 
requires close attention 
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A daily protein intake of grams is probably close to the min mum requirement 
whereas lumbermen and athletes perhaps leqture 250 grams or mo e Jones said 
(X 1919 p 183) In pract ce the protein intake for all adults should not fall below 
1 gram of protem per kilo of body weight it shoold be denved from a variety of sources 
and at least a part of It should be of animal origin Duiinggrowth pregnancyandlac 
tation the requisites according to Jones are at^ronmately as follows 


Age (\ ears) 


la-rS 

1S-17 


i7-at 

ai and upward 
Women 


Pregnant • 

Nutsing 


I0-3 months 
I 4-9 COODlhs 


Studies of the d et of leoo re idents of New York living apparently in normal 
moderate circumstances showed that 60 pe cent of them were taking diets yielding 
only 4 grans or even less of protein da ly It seems h gbly probable that careful 
eaaminat on of th se ind iduals might have revealed e idence of malnutr Uon 

Thehealthyjoungadultm the United States as represented by the average student 
of medicine has seemingly become adjusted to a protein consumption not exceeding 
So gram daily Chittenden advocated a low protein d et but the observations of 
McCay C stellani nd others would seem to odicate that a greater protein intake 
than that recommended by Chitteo len is necessary for the maintenance of good health 
in the Tropics Du Bo s said that e y high protein di ts cause hypertrophy of the 
bdn y but that many investigate s have found no ev dence of nephrit 1 

The E kimos who for th usands of >ea have been living on an almost exclusive 
meat diet w th very high protein content seem to enjoy excellent health Acco ding 
to Thomas the Greenland Fsk mo bving on a c rni orous diet exhibits no mere sed 
tendency to vascular and renal disease 1 his diet funit he him with vitam s adequate 
for p otection against scurvy and rickets while the Lab adoc Eskimo who has aban 
doned his pnimtive methods of exi tence wh e meat iscooked and whose diet includes 
many prepared dried and canned articles is very subject to both these maladies 

Carhobydrates are classitied as monosaccharides d saccharides and polysaccharides 
The s ngle sugars requi e no digestion nd ate absorbed directly into the bloodstream 
Th ee single sugars (monosacchat des) occur in to ds or are f med from more complex 
carbohydrates in the process of digestion le glucose ord xtrose fructose orlevulose 
and galactose Until con erted into the* s ngle sugars carbohydrates cann t be 
utilixtd by the body Thus the d cchand s suexose (cane or bert sugar) maltose 
{malt sugar) and lactose (nulk sugar) are br ken down by the action of enxymes before 
beingabsorbed Maltose is an ml mediateproductin the digesbon of sta cb which is 
a polysaccharide (Mitchell 1939) 

Food stufis CO ta mg carbohydrates or starches and sugars are represented by 
the tubers such as [lotatoes and yams the sugars of the caue b et fruit and honey and 
glycogen n muscle The sugars ladudi g candy starch and honey consist almost 
entirely of citbohyd t 5 nd with the po sible exception of honey a e lacking m ail 
of the vitami 5 The e c ss of c rbohydrate is sto ed m the bver and muscles as 
glycogen Glucose can be derived f om the c shtuents of protem A (.ertaia tmni 
i^m percentage of g! cose in the Wood is indispensable for the maintenance of health 
The above mentioned ca b hydrates ace the mam source of heat and energy are m e 
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Modern mechanical laetliodiftl a» condtUimins can now be used for cooling rooms 
or dwellitigs and for reguUtine humidity as »eH There is a tendency howe\et to 
maintain the temperature at too low a fc\el TTie result is that the room seems exces- 
sively cold to those uho enter it and that on returcung to the outer air they feel «; 
il It were the breath ol a furnace Such extremes of difference are neither pleasant nor 
wholesome especially when the aVin 01 clothing is moist with petspiraUon The 
optimal temperature differs so much as between individuals that it is impos ihfe to set 
up a tandard which w ill be comfortable (or all persons 

With reference to informalion published by haglou (rpjj) it seems probable that 
the difference m temperature between the cooled room and the outer aw should not 
exceed is F and that a difference of 10 F tmght be preferable \s^lou said that 
dehumidificalion of air without much cooling n especially indicated tn tropical climates 
and that it may prove the best method alsoiD banks and stores where customen spend 
only a few minutes at a time Sinularty moderate coohng of sleeping quarters would 
probablv be ad\ antageous where the nights are uncomfortably hot 

General use of mechanical cooling and dehumuhfying devices is hnuted at pres n( 
by their cost Turther research is needed al 0 to deierinine hniv these devices can be 
used to the best advantage m the tropics 

Toon CtgsTE'rrs asp Food RpQptFEstENTs 
Food include proteins fats carbohydrates mineral salts and water but to sustain 
the body in health they must be associat'd with sitamins and lipoids or sitrogetioui 
fats Of these {roteuis fats and carbohydrates are nutrients They are interchaog' 
able n ithin the body as sources of heat and energy but proteins alone furni h malenal 
for growth and repair Ftoteins increa e metabolism more than do carbohydrates or 
fats 

Protema— Theseareierycoirplexsubstancesroinposedofiiiirogen carbon oxygen 
hydrogen and sulphur They are colloidal in character except in some lesuni»®“» 
pJaat where thev are crystalline Proiemsare essentia} for the oaiotenance e/animsl 
iile because of the ammo acids which they contain hfany if not all of these am-oo 
acids are essential for the building up and repair of body tisskes Onlya few of them can 
be synthfsi ed in the ammal organism Proleins vary greatly in biological value 
according to tbe different ammo acids that they contain and to the proportionate 
amounts of the more essential ones Proteins differ al 0 m digestibility f ven i( no 
single ess ntial amno acid js totally lacking as With certain pioteids of some seeds 
commonly used as food the pioportionale amounts may be such that their utihaatton 
m thebodv »s less complete than that of proteidsof higher biological value The greater 
tbe similaritv of protein supplied to the tissues the higher is it» value hence tbe biological 
protein value of meat and milk is three to four tunes as great as that of maize 

In general the proteins ol animal foods have a higher nutriUse value than those of 

vegetable ongin The proteins of meat imlV and eggs and those eortaned in glandu 
lar tissues such ashler kidney and sweetbread haveanespecially high nutritive value 
"Of all natural foods milk not only comes the neacesC to being a balanced food for 
children particularly but it contains in readily a adable form t8 t grants of first class 
protein to the pint (4 3 18 cr ' in addition to nunerals vitamins carbohydrates and 
fats (Jooes 1939 p t p) 

The same author (Jones 19 9) has einphasixed the fact that the proteins of various 
legumes including certain of the commwi kind of beans have a low nutritive value 
because they are comparatively indigestible and because they are deficient 10 cysteine 
The contrary is true of the toy bean alter it has been heated In many cases the 
ibgesubility of proteins is increased by cooking but some of the ammo acids may be 
de troyed by eipe ure to a temperature mod above that of boilmg water 

Prat't't reguirtPiCKli as they have been estimated vary enormously These evl) 
mates do not ordinarily tale into arcount digettibOity or quality with reference fa 
content of wsential ammo acid I lotem r quirements depend largely upon circmn 

stances Severelabot growth ptegnancyandlacUtioncaUfoirelativelylargeamouats 

of protein 
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the supporting {nnKwoik of body arc lodtided ut tbe formation of many orgauc cum 
poands and as every ccU conUins sanetal e emeots form an inteeial part of the celt 
structure They also «f«.kte ra the body Sissds tn various coal^nations such as 
I organic salts as dissociated tons and m more or ies loosety bound organic combma 
tions lo this way the mioeral salt of the fdasma sc've to mainUm the osmotic 
tension nece ssr> to life and aw determiwig {M.t9W in ttutrality regulation Even 
Closely related elements such as tod ura aedpota stum ex rt their individualinSoence 
Si me are antagonistic toward others and ome areaynergisti It his been shown that 
the ingestion «{ lirg qianCitiesof potassnim as la a vegetable d el causes depletion of 
th sod um re trve of the body and the Ksutung argent seed for &io e .odium m Ue 
form ofcoimon salt as is espenenced by htiUvota. A mow betiefitta! effect is exerted 
by cskiun In addition lo the synergislu: uiPuetice «hicb this element exhibits toward 
iron hleluet and Au r believe that i is abl to ctracl inorganic iBibalance in eitbn 
drection that it nulbfes the dtlettnousinOueoce of sodium potassiun or magnesium 
and t^ us is capable of te-<s(iblishing normal equdibn <n 

The animal organtsoi i capable of uti’uing inorganic vompourds of sodium potas 
Slum calcium rsagne lum chlori&e todme phospbonss a id iron whennoolher sources 
of these elements are provided The various foods whicf art ordinatil found in the 
diet t ave a residue or ash when metaboliied whi h may be aadfotvieg or base 
forming Although the healthy aamul ts eemarhabiy capable of a’aniaimg the 
normal hydrogen ion balance the norma) diet probably should contain tufTcitit 
alhalise ash foods to balance the a id a^ foods hloK people on inrestneted diets 
foimthehabitofbalancn-'sueha id forming food as neat egg* and white bread nitb 
base fcriung fru ts and vegetab! s 

^sqjirementi for roost li not all of the inotganic substai cei art greatly ircreased 
during grouth pregnan y and lactation 

Carbonic phosphoric and solpbitncandsaiecorUnuallv be ng produced nmetabo 
him Under norma) cord t ons sugar ur hes fats and portion of the prateins are 
butsed to carbonic a id which u e iminated by respiratioD as COi Si'plunc arid a 
strotg mineral acid whie readilv fxed by priteios is formed when the protein is 
resolved by bydrolysis into its constituert ammo acids and must be disposed of tveo 
tuahy by neutral ration and excretion by the kidnevs Truits and veg tab w m general 
furnish b« escapable of effectirg neutraluatvn Hend rson has stated that neu raiity 
is a ddaite furdamental a d tmporlant charactensto of tl orgari m Foods tn 
which acid fortmng elements pred mira e lo rcase the acid ty of the unne increase 
urinary amrnoru and le wn the rower of (1^ urui to dissolve one acid which cot 
bei gd< troyed mist be excreted as su h As *kasam has stated foods that produce 
an acid ash result in a type of zcvTusis nbich produces siur taste sour perspiration 
scor unre and sour dispo it on 

ColfikiM — Lime constitutes about of the body weight or a gri^altt proportion 
t in any of ih* other inorgaatc ehmnis ShermiR (rpdo) stated that the onLnary 
one d diet of Ameivans and Enioptins Using in citi s and towna is probably mut 
often deficient m hme salts than any other chemKa) e’ement He concluded that food 
for an adult or for a child should furnisliat least c ogtam f calcium per day Cctmait 
author uw pla e the daily reqairement for man as about i j grams s calcium omde 
or 1 07 gram ofcaltfum according 10 1 whaqaotes Tigersted ssutemenl that the 

diet of Ftnas contains betw en i and,6 gr«ma of calcium oxide daily The average 
adult therefore should take n his fooldaily not le a than i gram of calcium 

'^herman advised that mo e attention h old be given to the tho ct of such foods 
as will increase the tateijBi canleoi of the dietary 

The mast practical means of insunsg an abundance of calcium in the d etary is to 
use ir Ik fitr'y as a food As fresh nu k of gold quality is rarelv obtainable in the 
(ropi s this element must b suptbedbycarmedof dried milk or other foods wh ch are 
the prncipai svurtes of cal um m (UuuabSe form such as eggs spinach caulifiowey 
peas beans string beans ca rots puxsn p$ turnip cabbag lettuce apples pint 
apples and the citrus f uifs M l^gblio has compared the cal icm babnee of a diet 
^ which spina h suppled a c y h piopo t»« of the calcium with that of the same 
diet la w hich mi k furnished an eqaal ptsport on of the element The results were 
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easily absorbed than any other class ol food and are essential for the proper combustion 
of fats 

The carbohydrate cellulose forms the fibrous framework of vegetables It is the 
chief constituent of wood stalks and leaves It has little if any food value for man 
except that tender shoots and young leaves may perhaps be digested Cellulose aids 
the digestion however by forming most of the residue which serves to stimulate the 
peristalsis of the bowels 

The hemicelluloses agar agar and pecun arc closely related to cellulose They 
absorb water and promote action of the bowels by their bulk On the other hand pectin 
as contained in scraped raw apple has a beneficial action in diarrhoea 

Fats —These are compounds of glycerin and fatty acids Like carbohydrates they 
ate composed of carbon hydrogen and oxygen They are represented by butter the 
fat of meat and a large number of vegetable oils obtained from nuts and seeds such as 
olive cocoa nut and cottonseed oils The fats serve as fuel and yield about twice as 
much energy in the form of heat and muscular work as an equal weight of carbohydrate 
or protein 

\\ hen an excess of fat is taken by sedentary persons part of it is stored in the body 
where it yields no heat until oudued 

Lipoids of nitrogenous fats are indispensable though their exact use is unknono 
Sundstroem said that a single experiment m which the diet was exceptionally rich in 
Upoids indicated that such a diet was instrumental tn raising the bpoid phosphorus 
level of the blood and that ic suggested a method of treating the hypolecithmaemu 
which apparently is common in tropical tesideots notably m women and growing 
children Experiences have been repotted by trojHcal practitioners which emphasise 
the usefulnessof lecithin as a curative agent incase of debility and tropical staleneis 

Because of tbeir relatively slow ali^rption fats increase the stsving power of 
a meal They also add flavor to food and some of them are important for their content 
of the fat soluble vitamins ADC andK Lease Ooio) said that there is little basis 
for the claim sometimes made that hydrogenated fat is better in human nutrition than 
natural fats and that completeness of digestion is practically the same for all fats having 
melting points below body temperature 

furrgy Requirtintnlt 

food serves as the fuel which supplies the energy required by the activity of the 
organs and muscles of the body Heat is a by product \Vhatever the kind of food 
eaten approximately the same number of calories are required for the performance of a 

foot pound of work The number of calories obtainable by the human body from 

different kinds of food differs greatly Carbohydrates and fats can be completely 
utilixed after digestion and absorption but a considerable energy bearing residue of 
protein is excreted chiefly m the unne and to a less extent in the faeces On a mixed 
and ample diet there is some loss also of carbohydrates and fats The physiological 
fuel values per gram for protein fat and carbohydrates are respectively 4 9 and 4 
calories (Morey iqyg) The calonc intake required for men and women in the United 
States differs in relation to height wnghl and occupation Sedentary workers require 
less than do those who are performing physical labor Thus estimates for men range 
from 3000 to 4 700 calories P r day and those for women from s soo to 3 30Q The 
requirement for a w omen may be increased to 3 500 during pregnancy or lacUtioo Tie 
requirements for growing children per kilogram of body wei(,ht fall from about joo 
calories in the first year to about so cabnes at the age of nineteen 

Condiments — Amongcondimentsaieclassedspices coffee andtea Theybaveno 
nutritive value except for the added sugar and cream but form an important adjunct to 
the dietary of both foreigners and natives in the tropics By imparting flavor to many 
tasteless articles of food they promote appetite and stimulate digestion 

Inorganic Substances — Mineral salts are of the greatest importance m the forms 
tion of bone and assist in digestion and metabolism Mhile they are not orlinanly 
classed as foods they are essential to bfe and include phosphorus sulphur potassium 
sodium calcium magnesium iron cUonne and iodine They contnbute pnmanfy to 
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\lit supporting liamewoiY of body »tt uthtdtd sa tbe fatmalion ol many organic com 
pounds and as every cell contains mineral elements form an integral part of the cell 
sttucture. They also circulate in the body fluids m vanous combinations such as 
inorganic salts as dissociated ions and ul more or less loosely bound organic combina 
tjons In this nay the mineral salts of the pbsma serve to maintain the osmotic 
tension necessary to hfe and are determining factors in neutrality regulation Even 
closely related elements such as sodium and potassium esert their individual influence 
some are antagonistic to lard others and some are S3mergi tic It has been shown that 
the ingestion of large quantities of potassium as in a vegetable diet causes depletion of 
the sodium reserve of the body and the rtsulting urgent need for more sodium m the 
form of common salt as « experienced by hetbivora A more beneficial effect is exerted 
by calcium Id addition to the synergistic influence *h ch th s element exhibits toward 
iron Meltaer and Auer believe that it is able to correct inorganic imbalance in either 
direction that it nullifies the deleterious influence of sod um potassium or magnesium 
and thus is capable of re-establishing normal equd bnum 

The amm^ organism is capable ot util aing inorganic compounds of sodium potas 
Slum calcium magnesium chlonne iodine phosphorus andiron wheo no other sources 
of these elements are provided The varuus foods which are ordinarily found in the 
diet leave a residue or ash when metabolued srhicb may be acid forming or base 
forming Although the healthy aumsl as remarkably capable of maintaining the 
normal hydrogen ion balance the oormal diet probably should contain sulTcient 
alkaline ash foods to balance the acid ash foods Most people on unrestneted diets 
foim the habit of balanang such acid tornuog foods as meat egp and white bread mtb 
base forming fruits and vegetables 

Requirements for most if not all of tbe inorganic substances greatly increased 
during growth pregnancy and lactation 

Carbonic phosphoric and sulphunc acids are continually being produced in metabo 
him Under normal conditions sugar ttarcbes fats and portions of the proteins are 
burned to carbonic acid which is eliminated by respiration s CO Sulphuric acid a 
strong mineral acid while readily filed by proteins is formed when the protein is 
resol ed by hydrolysis into its constituent ammo ac ds and must be disposed of even 
tually by neutraliiation nd excretion by tbe kidneys Fniiis and vegetables in general 
furnish bases cspable of effecting neutraloation Henderson has stated that neutrality 
IS a defi ite fund mental and important cbaractenst c of tbe organism Foods in 
which aad forming elements predominate increase the at dity of the unoe increase 
urinary ammoni and lessen the power of the untie to dissol e unc acid which not 
being destroyed must be excreted as such As Sansum has stated foods that produce 
an icid ash result in a type of acidosis which produces sour taste sour perspiration 
sour unne and sour dispos t on 

Cal 1 m — Lime constitutes about of the body weight or a greater proportion 
than any of tbe other inorganic elements Sherman ( 939} stated that the ordinary 
mixed diet ot Ameiicans and Europeans living i cities and tow s is probably more 
often defic ent m lime salts than any other chemical element He concluded that food 
for an adult ot (or a child should furnish at kast t o gram of cakium per day Cerman 
authonties place the daily requirements (or man as about s grams as c Icium oxide 
or 1 07 grams of calaum accord ng to Lusk who quote T g rated s sutement lhat the 
d et of Finns contains b tween snd.6 grams of c Icium oxide d ly The average 
adult theref re should take in his food daily not less than i giam of calci m 

Sherman ad ised that more attention should Iw given to the choice of such foods 
S wiU increase the calcium c ntent of thediet ry 

The most pract c 1 mea 5 ol insunug an bundanee of calcium in the d tary is to 
use milk f ly as a food ^s f e h milk of good qu lily is rarely obta nable in the 

tr pics th s element must be supplied by canned or dned milk or other foods which are 

the princ pal sources of c Icium in utilixable form such as eggs spinach cauUflowej 
peas beans string beans carrots patsn ps turnips c bbage lettuce apples p ne 

apples nd the ntrus f u ts McLaugUm has compared tbe calcium balance of a d et 
in which spinach suppi ed a very bighproporuonof the c Icium with that of the same 
diet m wbch milk furnished an equal proportion of the element The results were 
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favorable for spinach even when it furnished 70*" of the lime in the diet A diet that 
IS deficient in calcium is deficient in the prot^ive foods which are of importance for 
their ash content for vitamins and in the case «f millc and nulh products for the bio 
logical value of their proteins Much calcium is lost in cooking when meats and 
vegetables are boiled but is retained with the water in the preparation of soups cumes 
and stews It is generally considered that the inorganic compounds of calcium as con 
tamed in drinking w ater are utiheable but Sherman has pointed out that unless a very 
hard waterisused it is unlikely that the lime from this source will cover more than 
a small part of the calcium requirement It is probable that the losses of food calcium 
in cooking may fully offset the calcium obtained from the drinking water It is very 
easy to open a can but more difficuU to prepare a good nutritious soup Such soups 
may be thickened with gelatin and served cold Gelatin which is an incomplete pro 
tein serves within rather narrow Louts as a sparer of body proteins and \eurlin has 
shown that this power is greater when gelatin is taken with a mised diet Containing 
proteins He show ed also that the spanng effect depends directly upon its content of 
ammo acids and not upon the fact that 60^ of gelatin by weight can be transformed 
by metaboLsm into glucose 

PketphoTUs —The phosphorus ehnunated in the unne added to that ebminated in 
the faeces is largely a measure of the meCabolBm of nucleoprofems Phosphonis com 
pounds are essential to all tissues of the body and the growth of new tissue involves 
storage of phosphorus along with storage of ammo acids in the form of protein 

Sherman (1939) said that the average daily requirement as shown by 9^ espcrimenti 
was e 8S gram of phosphorus per 70 kilogram (154 pounds) of body weight The differ 
ences between the requirements for the seies were insignificant and the range of indi 
vidual requirement was less than that for calaum He believed that a standard 
allowance of x 3} grams per day (or an adult would be ample 

McCollum hat stated meat u essentially lacking in fat soluble vitamin A It 
does however contain phosphorus and but Lttle calnum and serves to change the 
ratio between these elements in the diet This change in ratio be has shown is of 
great importance in the etiology of nekets and in the production of dental defetis and 
disease 

McCollum and others from espenmenfs on rats found that the disturbances m the 
deposition of bme salts in cartilage and bone and the changes in the cells of those tissues 
which give nse to the pathological comples known as rickets may be produced appar 
ently in rats by disturbances in the diet of the optimal ratio between calaum andpbos 
phorus in the absence of an amount of an organic substance contained in cod liver oJ 
sufficient to prevent them The results of a large number of expenments seemed to 
indicate that in so far as calcium and phosphorus are concerned the physiological rela 
tion in the diet between the two is of infinitely gKater importance in insuring normal 
calcif cation than is the absolute amount of the salts themselves In a later paper 

McCollum Simmonds Kinney and Greives reported the results of many eareriments 
on rats which showed that a close relationship exists between vitamin D calcium 
phosphorus the ratio of calcium intake to phosphorus intake and tooth development 
and preservation 

Iron being an important constituent of hemoglobin is essential (or human nulntion 
The normal daily requirements for iron In the diet according to Dickson (1939) are 
approximately as follows 

Milligrams 

Infants i year of age o 36 

Children 5 to ii years 9 to ii 

Men 12 to IS 

\\omen of child bearing age 17 t'> « 

Older women 12 to 15 

In general only about 60^ of the iron ingested u absorbed Digestive disorders fre 
ouently interfere with the absorption of iron The requirements of individuals may 
t^herefore be greatly in excess of the figures given above 
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Among Ihe best food sources of jron are >olk of egg and Uvet Other good sources 
I dude fruits vegetables salads rai ms dates figs nuts peas beans and lent Is 
molasses cocoa and chocolate 

Copper defiaency IS tare in man Likeuon rapper is required for the formation of 
red cells and hemoglobin (Dickson 1939) The best sources of copper are the iron 
containing foods A diet adequate for iron may be considered adequate for copper 
as well 

lodtrte — Traces of th s element are found m most of the tissues the larger amount 
and concentration being in the thyroid gland m the thyroxin molecule W hile iodine 
IS necessary to prevent thyroid disease extremely small amounts only are required 
The administration of small doses of iodine m certain regions to prevent goitre is well 
known \ an D> ke has shown that iodide lodme 1 absorbed mo e readily than lodate 
iodine free lod ne or thyroxin iodine Th s would pomt to the iodized salt as the best 
source of iodine in thyroid dysfunction 

Magn s 11 Sod urn and i’etaistum — These elements are seldom lacki g in the 
d ct A sufficient supply of magnesium is furnished by meats and plant foods An 
excessive intake of this element causes a calcium loss which accentuates at times the 
need for a hberal calcium intake Potassium also is abundantly supphed by vegetables 
and fruits 

Chlorine — Chlenne appear in the body mostly as chlorides and largely as the 
Sodium salt The blood ehlondes in addition to other functions inSuesce the water 
content of the tissues through the maintenance of 0 motie pressure Chlorides are 
ordinarily taken in excess of actual needs and are normally excreted m the urine in 
large amounts The actual daily need for chlorides in the form of the sod um salt is 
probably about i grams 

The comparative values of different foods as sources of vitamins have been dis 
cussed in the section on De&ciency Diseases Afuch recent inf rmatien on the vitamin 
Content of foods c n be found m Food end Life Vea book of the United States 
Department of Agriculture 1939 and in Human Nutiition \ ea b ok Separate 
h>o 166S United States Department of Agriculture 1939 

Saottation 

An abundant supply of pure water is even a greater necessity in the tropics than m a 
temperate climate on account of the increased requirements for both 1 ternal and exter 
nal use but it is also much more difficult (0 obtain \\nh the exception perhaps of 
that obtained from high unpopulated elevat ons and deep ground waters all water m 
(he tropics must be regarded w tb suspiciou until pro ed to be safe The habits of the 
nat ves mmany tropical countries fav r constant gross poUut on of all visible collections 
of water which might be used as sources of supply Fven unprotected wells are subject 
to f equent depos ts of excreta In some countries the problem is f ther complicated 
by the rebgious customs of the natives Pollution of an improperly guarded water 
supply may result in epidemics of serious d seases such as cholera dysentery typhoid and 
paratyphoid fevers Thepresencr in walerjosoiue tropical countries of ties ailbosis 
of schistosomes may result in an infection with path ge ic cercanae If such pollution 
occurs the water is dangerous not only for dnnking but also for bathing purposes as 
the parasites are able to penet te th nbroken skin AAater may be occasionally 
responsible for carrying other aniin 1 parasites including amoebae and nematodes as 
the Guinea worm 

Sources. — In general the sources of water are ram or snow upland surface w ater 
such as mountain streams ord aiysu facewatcrastoundin ponds lakes and streams 
nveewater ground water obtai ed from wells and springs and lastly distilled water 
( ) flam Hater — Pam as it falls is Ihe purest water occurring in nature It is 
usually stored m cisterns of v nous k ds ranging from a Urge cement tank to the 

rdinary e posed ra n b rrel or tub Ram water is very palatable and because of the 
abse ce of salts of lime and magnesia is very soft and suitable for cooking washing 
and balhingpurposes Itfa sacorrusiveaetionsndreadiiyattacksiron lead andzinc 
Acleanimper ouss rfaceisde r ble for all catchment areas wbch In the tropics are 
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usually supplied by roofs The first portion of the uater containing washings from the 
surface is rejected All cisterns should be water tight covered w ith an overflow direct 
to the outer air and protected against mosquitoes by thorough screening of all openings 
including the intake and overflow pipes 

(6) Highland Surfaca II «<er— liiis consists of ram water drained with compira 
tive rapidity from the more rugged regions and contains a rrlstiiely small amount of 
inorganic matter although it may have more or less organic matter depending upon the 
nature of the surface drained It ranks nett after ram w ater in purity 

(r) Surface 11 aler —This is obtained from small streams natural or artificial ponds 
tanks and lakes where U is subject to frequent and repeated pollution by both man and 
animals Surface water should neter be used nithouC prefiminary purification 

(d) Rtstr n eltr—H has long been a popubr bebef that running water if not always 
pure will purity itself w hile flowinga doaen miles or so In recent expenmenti regarding 
the oxygen demand of Ohio River water oxygen was consumed for fully 300 days and 
bacteria of intestinal origin persisted for almost that length of time In the densely 
n ooded sections of the tropics rivers afford the mam if pot the only method of com 
munication consequently population groups tend to establish settlements in close 
proximity to the larger streams Sewage from these communities is either added 
directly to the waters or washed into the streams by the torrential rains Pollution 
hazards are therefore greatest at the bepnnmg of the rainy season and along the shores 
rather than in the center of the larger rivers Uhile water from streams Cow ing through 
sparsely settled districts may be comparatively safe the amount of possible contamina 
tion IS generally unknow n It is a safe rule to remove suspicion by efficient purification 
of all surface tropical waters 

(r) Creund 11 aur —The water that »s absorbed by the ground eecupia the spaces 
between the parucUs composing the soil except m bmestone formations and finally 
rests upon an impervious stratum It isbroughttothe surface by wells or springs 

(/) lleffi— Awell which IS essentially a hole in the ground may be either shallow 
deep or artesian A shallow well usually is one that is dug and varies in depth from a 
few to rarely over 30 feet A deep well a one which extends to a depth of too feet or 
more without passing through an impervious stratum An artesian or flowing well is 
one which passes through an impervious stratum into a previous one m which the 
water tests upon a second impervious stratum Shallow wells are supphed by the 
ground w ater w hich filters into (hem from the soil above tbe upper impervious stratum 
Shallow wells may become polluted by draioage from soil that contains an excess of 
organic matter by water which enters without fiUration through crevices channels 
or fissures such as exist in limestone formations or by drainage from nearby cess 
leaky drains or other gross source of pollution Expenments conducted by Stiles and 
others have indicated that bacterial pollution occurred m wells located up to 531 feet 
and chemical pollution up to 450 feet from the source that both chemical and bacterial 
pollution traveled in the direction of ground water flow and did not appear to extend 
bterally that the colon bacillus tends to localize in the upper blanket at or near the 
ground w ater table and w ater taken from this bbnket may show heavy Escherichia (olt 
{B roll) pollution while water a few inches lower may be E «fi free that/" tofi tends 
to filter out into tbe capillary fringe •when tbe ground water falls or into the soil incase 
of still further fall and if the soil remaiDsdrysuffciently long C cofi does not survive 

Wet weather with high ground water is therefore conducive to the extension of pollu 
tion while dry weather with the resulting lowering of the ground water is mhibitive to 
tbe extension of pollution and favors punficatwn of the ground w ater 

Open wells especially in the tropics are subject to surface pollution and should b* 
looked upon with suspicion ells should always be closed at the lop by an impervious 

cover preferably of concrete constructed with a slope from the center to the outer edge 
This may be built in the form of a arcubr shield 3 or 4 feet w ide which should be inte 
gral with or make a tight joint with thecasing An impervious casing of concrete or 
bnek laid in cement mortar should extend at least i8 inches above the surface of the 
eround and into the well as far as practicable preferably to i foot below the lowest 
ground water level \Vater should be removed by an ord nary suction pump frmly 
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secured to the concrete cover »nd equipped «itb a flange to prevent drainage bach into 
the well or when this is not practicable by means o( compressed air The casings of 
deep or artesian wells should be constructed with vatertight joints in much the same 
man er SO that surface pollution will not be earned into the well As well water keeps 
better in the dark protected from the outer air ventilation of wells is not necessary 
(g) Sp tngs are the surface outlets of ground water and may or may not be safe 
depending upon the character of the ground water The source should be protected by 
an impervious covered concrete basin discharging by gravity through a pipe Butler 
(192S) states that crystal dearness of spring water is not necessarily an index of its 
potabihty A sparkling clear water may be heavily infected and thereby dangerous 
to those who dnnk it The results of bacteriological examination of many springs in 
Haiti showed heavy contamination with faecal bacteria He also states that in some 
tropical countnes the calabash or gourd like (nut of the calabash tree the larger 
speamens of which have a capacity as great at eight liters is used by many natives to 
carry water As used tbe calabash cannot be filled without contaminating the water 
by human bands Tbe calabash is earned by natives by inserting a finger into the 
filler opening thus contaminating the water a second time ater cannot be stenlued 
by legitimate amounts of chlorine or iodine introduced into a calabash befo e it is filled 
Bactenological tests sho v that the entire dosage of these chemicals is absorbed or 
neutrahzed by the organic matter of tbe calabash itself without any disinfecting action 
which can be detected on the contained water 

Water Requirements —A generous supply of water is desirable but at tbe same time 
Unnecessary waste should be discouraged The daily requirement per capita vanes 
greatly and depends both upon the sanitary arrangements and the habits of the indi 
viduat It IS stated that tbe average amount per person per day for domestic purposes 
IS about 17 gallons OF this 3 pints are used for dnnking 3 pints for coobng 5 gal 
Ions for bathing 6 tor washing and 5 for sanitary purposes (Three pints for drinking 
should be regarded in the tropics as a nunimum ) Figures for some European towns 
wbch have a metered supply show a daily per capita consumption varying from 6 6 
gallons lor the poorer class of dwellings to 39 for the highest class of d veilings In 
most cities of the United States the fibres vary from 37 gallo s pet capita per day to 
950 while in Calcutta it is stated that 40 to 30 gallons per person must be supplied daily 
Dual Water Supplies A double supply of water one of doubtful punty for general 
purposes and one of unquestioned punty for personal use is mentioned only to be eon 
demned Even where the community served is intelligent and careful the danger is 
very great ^\here local conditions make this obligatory the water for general purposes 
should be denatured This may be accomplished through the use of aea water or over 
chbnnation sufficient to make it unpalatable Tbe latter course would render it harm 
less so far as infections ate concern^ 

Water Punficabos. — In general the methods of punScation are natural physical 
mecha ical and chemical 

1 Ac/ oF — ><31010 a methods of punfying water include the self punfica 

tion of streams storage and sunbgbt In the tropics the probability of f equent con 
taminati n from native sources tenders natural methods so unsafe that no dependence 
should be placed upon them 

2 Phy I t iltlhodt — hlethods which include bo 1 g and distillation re der tbe 
water flat and unpalatable though th s can to a ceilaiii extent be overcome through 

erat n by shak g vigorou ly in a fatltally fill d c Uiner If left exposed to the air 
overnight with due precautionsaga st contamination suffice t air will be taken up to 
remedy this delect Oo bng has the advant ge of kiU g animal as well as vegetable 
hie and moreover boiled water is read ly obtainable in countnes where tea dnnking 
IS habitual If placed in clean bottles ui the cvetung a d the openings p elected by 
pi gs of cotton or co ered with game the v aterwiUbecoolaodpalaUhle by the follow 
I gm rning It is desirable wh nit veling in the trop cs to carry a supply of boiled 
waterfromo ecampinordertoinsureasnpilyof purewateruponarr alattb next 

3 If hiinital 1/ Ihods — Sed mentation and fiUrat on are the usual mechanical 
means f punfjing water and are generafly comb ed with chemical m tbods The 
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domestic filter as ordinarily used in the lunisdiold has a very limited sanitary salue 
Of the filter candles RaUour recommends only the Pasteur Chamherlaod and the 
Doulton Domestic filters need to be sterilized by boiling every third day as otherwise 
bacteria appear in large numbem in the filtrate They must never be left to the cart 
of native servants 

riUration of public water supplies is accomplished usually by means of sand filter 
beds either in the form of slow sand fillers or in smaller units or tanks the so-called 
mechanical or rapid sand filters 

(a) Slow SandFiltration— These filtersconsistoflarge shallow tight underdrained 
reservoirs containing stratified filtering material of progressive degrees of fineness from 
broken stone or gravel at the bottom to an upper layer of fine sand They requite an 
extensive tract of land and while the onginil cost is large the maintenance cost is 
comparatively small Sedimentation is necessary to prevent rapid clogging of the 
filters If the water contains much fine silt preliminary chemical coagulation maybe 
requited The w ater passes slowly through the sand and is collected in drams placed 
under the filter bed 

The process is mainly a biological relation and partly a mechanical straining The 
bacteria algae and other microorganisms form a gelatinous growth coating each gram 
of sand in the surface 1a)ers This growth constitutes the schmut 3 tc\t which eSec 
tiv ely holds back the hactena m the water 1 he action » uniform removing about 99" 
of the bacteria and one third of the coloring matter 

(b) Mechanical TUters —Mechanical filtration requires the addition of a chemicsi 
coagulant usually the sulphate of aluminium alum or iron to the water Calcium 
carinate is necessary to produce coagulation and if not present in sufficient quantity 
fime cafts mu t fie added The amount ot tfie coagufant must vary m accordance w i(fi 
the turbidity the reaction and the amount of calcium in the water After pas mg 
through sedimentation reservoirs or tanks where a large amount of the coagulated 
matter and bacteria are deposited the water is passed rapidly through the sand filters 
where the straining process removes the suspended particles remaining in the water 
The fillers ate cleaned frequently by reversing the Co v These filters occupy a small 
area of ground but have a capacity per acre per day from 100 to aoo times that of the 
slow sand filters The first cost is comiaratively small but the maintenance cost is 
Urge They are especially suitable for turbid waters containing silt and clay removing 
neatly all of the dissolved colonng matter and from 93 to 99^ of bacteria Despite 
the approximately perfect removal of disease causing microorganisms by sedimentation 
coagulation and filtration under actual working conditions breaks may occur in the 
process of filtration Therefore there should be equipm nt for final chemical disinitc 
tion of all supplies Many cities chlorinate the water as it leaves the filtration plant 

4 CAemicof itlcuh aiien —An ideal chemical agent tor the slenlixation ofwater 
must be inexpensive stable in composition rapid in action and rion poisonous without 
producing a disagreeable taste odor or color Better results will be obtained if the 
water IS first clarified by coagulation sedimentatiori straining or filtering A number 
of substances have been utilized for this purpose among which may be inentioneo 
potassium permanganate sodium bisulphate iodine andchlonne The lattens used m 
the form ot (a) Gas from cylinders applied directly to the water in pipes or inclosed 
chambers (dry feed) or by first dissolving jn a stnali amount of water (wet feed) (6J 
Chlorinated lime (r) Interaction of chemicals (d) Organic cl lotine compounds 

Potassium pern anganaie is rarely used as the action is feeble and uncertain and the 
color objectionable It is of value in the removal of disagreeable odors by oxidation and 
IS said to be particularly efTcacionsiii the destruction of cholera vibrios 

Sodium bisulphate in tablets is effective m a dose of is grams to one pint ofwater 
The purifying action depends upon the liberation of free sulphuric acid This com 
pound deteriorates rapidly and if u ed over an extended period of time or m any quantity 
is prone to have a deaded laxative effect Balfour states that the bisulphate forms 
soluble sulphates with certain toxic metab It can be safety used in tiununum water 
bottles but not those made from alloys contafning copper In iron containers it forms 
a tbi k brown sulphate w hich renders the water undrinkable 
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Iodine ILtcfaeas (1937) eni(^issized l)ie use ot tincture ol iodine m the dosage of 
one drop to a canteenful or approanately one drop to a liter to render water potable 
Cblonne is a potent germicide and the most oseful of the halogens as chlorides do 
not have the depressing action of iodides or bronudrs Chlorine gas is formed by the 
electrolyt c decomposition of salt solutions Tbemoistgasisdned and then compressed 

into a liquid in steel cylinders of about 100 potmds capacity The method of disinfec 
tion by chlorine gas is extensively used in the United States but in isolated communities 
cylinders are difficult to procure and other inethods are usually found to be more readily 
appt cable Chlorinated lime made by saturating »laled lime with chlorine at ordinary 
temperatures is an excellent source of chlorine but has the disadvantage of being very 
unstable The hypochlorites upon exposure to air deteriorate rapidly to the more stable 
and inert carbonates It is therefore necessary that the substance be kept in air tight 
containers and protected from light The amount of hypochlorites is usually expressed 
as available chlorine which is the cblonne readily liberated from its combination as 
determined by the usual titration with sodium thiosulphate The available chlorine in 
a fresh sample may be as much as 30 or even js^ but frequently a sample will show 
less than Some samples kept under ordinary storage conditions have shown less 

than 10*’ 

Chlorinated lime is soluble in about twenty limes its weight of water leaving an 
insoluble residue consisting mostly of calcium hydroxide If If a pound of cblonnated 
lime dissolved in one gallon of water makes a solution conta ning approsamately 6*^ 
by weight of chlorinated Iimo representing about t" t available chlorine A clear 
eolut on of chlorinated lime may be readily obta ned if the undissolved fraciioo be 
allowed to settle Sedimentation of the insoluble portion may bees isted if precautions 
are taken to mix a auTcte illy thin paste oihen is< a gelatinir ng action take place 
and greater diiC ulty in settling is encountered One pound of cblonnated lime should 
never be mixed with less than one half a gallon ol water A stock solution for the 
cblortnatioR of water in the f eld mav be easily prepared by addi )g one half teaspoonful 
of chlorinated lime to a poiot of water This solution should be f eshly made from a 
good grade of chlorinated hme haiing a si ong odor of cblonne Specimens of cblor 
mated lime that are moist caked or tumpy are generally low m chlorine and therefore 
should HOC be used Of this stock solution use one te spoonful to a gallon of water 0 
i{ drops (about ^ teaspoonful) to one quart and let stand at least 1$ minutes This 
gives a free chlorine strength of appronmately 3 parts per million which is cons dcred 
sufficient for ordinary clear water In ibeat^ncc of a solution to test for free cblonne 
or if there is doubt as to the strength of the hypochlorite the usual Retd method is to 
add the hypochlorite solution until the water gives a slight taste or odor of hlorine 

Raw waters dillergreacly with re peel totbeanMuntof contained organic matter and 
iherelore vary in their capaaly to form compounds of chlorine that have no disinfectant 
action Some waters will require more chlorinated lime than others to insure the 
presence of free chlonne aft r 5 minutes contact Relat vely pure waters chlorinated 
to the extent of o 5 to 1 part chlonne per million as a rule contain j minutes later 
from one fifth to one fourth of the amount added If it 13 impossible to test for residual 
chi rme a clear water may be assumed to requi e not more than parts chlonne per 
milhonwheo from available evidence regarding source vegetation and pollution has 
ards it does not appear to contain an eitraordina y amount of organic matter If 
doubt exists whether that amount » U insore (be presence of free chlorine at the expi a 
tion of 15 minutes cblori at on had best beconti ued up to 3 parts per million 

TheLyster bag des gned bv Colonel A\ J Lyster U ited Stales Army may be found 
effective for tropical use It has been found by the editor to be practicable and most 
valuable during a number of wpedijroas the interior in a number of tropical 
countries It bolds 36 gallons and consists of a canvas bag sewn to a galvan zed ir n 
nng lunged so that when the b g is empty it can be folded to occupy very little space 
Tw crossed pieces of rope are attached tofourequid slant points on th ring allowing 
the bag to be suspended when in use Five ickel plated spring self closi g fauceti 
are placed at equal spaces ]u t abo e the bottom edge f the bag Water is treated in 
tbe b g as follows 
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(a) Set op bag adjust the cover and atrain m the water to withm about 4 inches of 
the lop 

(h) Obtain a clean stick or some other device tor stimng the water Place the stick 
m the water and let it stay do pot take it out of the water 

(e) Ilace i gram of chlorinated lime in a canteen cup SUr the powder with water 
making a paste first and then add enough water to dissolve all of the soluble powder 
Pout the contents of the cup into the bag Be sure the chlorinated Ume used has not 
deteriorated It hould be dry andgiveoffa pronounced odorof chlorine IfaiailaWe 
and in good condition brown glass tubes made for the purpose each containing 1 gram 
of calaum hypochlorite may be used gram for gram instead of chlonnated hme from 
some other supply As used calcium hypochlonte on the labels means chlorinated 
lime 

(d) After adding the chlorine stir the water in the bag thoroughly and allow the 
water to stand ig or preferably minutes before using At the end of the jj or yo 
minutes contact period add sodium hyposulphite if available m the proportion of > 
gram to s grams of chlorinated hme Again stir the water thoroughly and wait a few 
iiunutts before using 

(<) If an orthotolidin testing solution is available it may be used to test for the 
pre enee of free residual chlorine in the water after a 15 minute contact penod The 
dosage of chlonnated hme (calcium hypochlonte) may then be regulated so that only 
enough is added to satisfy the afBmty of organic matter present and leave a small 
amount 0! free chlorine (residual chlonoe) at the end of 1$ minutes contact— 0 2 parts 
per EuUioR or less 

(f) Sodium thiosulphate (hyposulphite) combines with free chlorine and removes the 
odor and taste resulting from the presence of the latter A tube containing i gram of 
sodium thiosulphate made for the purpose is broken into a canteen cup filled with 
water the crystals ate shaken into the water which is then stirred with a spoon ind 
allowed to stand (or jo minutes The solution is poured into the Lvster bag and the 
contents are again thoroughly stirred with the stick which has been left in the bag 
To make certain that the faucets have been flushed with the eteessively chlonnated 
water { cupfuls should have been run through each faucet and pouted back into the 
bag five to ten minutes before adding the solution of sodium thiosulphate The 
water IS now ready for drinking 

(g) If scales are not available i gram of chlorinated hme if dry may be quit* 
accurately measured with an empty Colt 45 caliber cartridge shell which holds about i 
gram if filled level by pounng in without packing down in any manner eeccpt by lightly 
tapping the shell once or twice 

The effect of halaroDc which isp sulfoaedichloranudobenaoic acid depends upon 
the liberation of free chlorine for its germicidal action This compound can be pur 
chased in tablet form (p 1703) Akhen protected from moisture u is remirtably 
stable even under tropical condittons 

.^rwage Pupeiot 

Sewage may be defined as solid and liquid excreta combined with other solid and 
liquid wastes from houses and other bmldings diluted with the water used The basic 
principle according to A\ hippie is the disposal of sewage a* soon as possible with the 
I ast nuisance to the smallest number with the least damage to health or property and 

atlhelowest cost Improj et disposalmayhave a direct effect upon health by transous 

sjon of disease or may create nuisances both objectionable and offensive The simplest 
method is found in cities provided with water and sewer systems where the sewage is 
discharged ir to large bodies of water and disposed of by dilution with subsequent 
natural purification In most tropical locations where this method is not feasible 
recourse must be had to other methods 

The pnvy is the simplest methodfor the disposal of human excreta They are 6'”", 
allv classed as ground pail eartbpit deep post hole concrete vault chemical and 
septic privies In all tyP<» access of flies to excreta should be prevented through 
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tight construction and by keeping the seat coven closed This may be accomplished 
by small blocks placed at the back oi the seats Khich wiU automatical!) cause them to 
(all shut nhen not m use 

The FailPnvy — In some smalt communities provided uith a satisfactory scavenger 
service this type may be used with success The pad pnvy is built on top of the ground 
and IS constructed with a tight filting hinged cover at the rear aith pails placed under 
the seats When the pails are about three fourths full they are removed by the col 
lector covered (or transportation and the contents disposed of by burial in shallow 
treoebes away fiomscniKCS of wattT supply Thepails ate then cleaned and disinfected 

TheLumsden Roberts and btiles Pcivy — This is a simple and ineepensive appara 
tus for use in the safe disposal of night soil and operates upon the principle of the septic 
tank It consistsof a water t ght tank barrel or other container to receiveand bquefy 
the excreta A covered water tight cao or other vessel to receive the effluent A con 
nectingp pe about inches nd ameler and about ir inches long the end in thereceiv 
mg chamber is provided with an open T both openings of which are co ered with wi e 
screens V tight box preferably ainc lined which fits t ghtly on the top of the hque 
tying barrel It is provided with an opening on top (or the seat which has an auto 
matieally closing bd An antisplasbing device consisting of a small board placed 
horuonutly under the seat about n inch below the level of the transverse connecting 
pipe It IS held m place by a rod which passes through an opening m the side of the 
seat and b) which the board IS raised and I wered A layer of chips fioated in the ta k 
may be used in place of this device A veotibting p pe connects the space under the 
seat with the open air 

The bquefyiag tank IS tilled >tb water up t the point where ilbegins to trickle into 
the effluent tank \ pound o l 0 of old maou e should be added to the water to start 
fermentation A film of some form of petroleum sho Id be poured on the surface of 
the liq id in each co tamer as an insect repeUent 

When the pn y is to be us d the rod is pulled up so that the anUsplashing board 
rises to within about an inch of the su face As the f ecal material lalls into the water 
the board pre ents splashing Although some of the evrreu fioais it is protected from 
files by the automatically closing lid by (he water by the film of oil and lastly by hav 
ing the apparatus in a thoroughly Kreen d out bu Idj g which should be done for add 
tiooal safety The film of oil prevents mosquito bree^ng n the tank 

The faecal mate 1 I ferments i the water and gradually bquefics The level of the 
liquid IS raised and the e c ss flows into (be effluent tank where it is protected from 
insects by the ei and by a film of oil This effluent may be allowed to collect until 
It itachts the level oi (be CO tagpipe when it may wiely be disposed of by disinfec 
tion and bun 1 

The Septic Tank. — The purpose of a sepUc tank is to d grsi and bquefy a large per 
tentage of the suspended sobds but doe not necessarily punfy the sew ge It may be 
pos ible m some nstances to secure dilulto suffiaent to om t treatment of the septic 
tank effluent by discharging the overdo nto streams with a large flow at all times 
The effluent from a septic tank may contain large numbers of harmful bacteria and 
may have a foul odor It staled (hat odors from the septic tank installed at the 
U S Marine Corps Bngade Ho pital Haiti are prevented bv the weeklj addition of a 
small amount of fresh horse manure D nfectants and chemicals wh ch may destroy 
bactena interfere with proper digestion of sobds and should not be discharged into 
septic tanks R m and surface v ater does not need treatment cause an undue load 
and should be diverted from the tank Septic tanks are easily constructed of concrete 
and if well built operate satisfactorily Solids accumulate and should be removed at 
intervals usually from two t four >r is d pe di g on the capacity of the tank and the 
size of the contributing population 

The design of septic tanks should aDon for suflcient capacity Capacity refe s to 
the amount of liquid that may be retai d b low the bottom of the outlet pipe a d not 
the tot 1 volume F r residences the hquid capacity vanes from 315 gallons f r j 
persons to 1500 g Hons for 30 persons I lets a d outi ts should be arranged so as 
t a Old stirnng up the conte Csu d 1} wbch would interfere with sedimentation nd 
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increase the probability of clogging Access by s&anboles or by removal tops must be 
provided for cleaning purposes 

The effluent from septic tanVs is usually disposed of by soil absorption from cess 
poofs or by seepage from underground parous tile drains Sewage disposal units must 
be located so that seepage cannot reach any ssattr supplv under varying conditions of 
soil or underlying rock and ground »ater In general they should be located as far 
away as practicable and never on a direct tiope touard uell spnngs or other iiater 
supplies It should be borne m mind honever that water supphes mav become 
polfuted through variations m the level of the ground water or through peculiar under 
lying geologic formations even though sewage disposal unils are located at loner 
surface |e\els 


Noxiais AatuaoeoD* 

Flies — Man> diseases expeciallv those tfaosRUssible by discharges from the intes 
tmal tract are spread by means of food fingers and fiies with human faeces as the 
source of the infective material Howard (toi6) slates that collections of flies from 
dinine rooms m different parts of the United States indicated that the true house fly 
comprised the greatest number Other species observed were the biting stable fly and 
the cluster fly Several species of metalbc greenish or bluish flies were also found 
occasionally These include a blue bottle fly the black blow flies and the green 
bottle flies which breed in decaying ammat matter 

Carrier! ef Dtsetsi —The true house fly whKh is found in nearly all parts of the 
\ orld prefers to deposit its eggs in horse manure It will also feed on and breed in 
human excrement and because of tluahabitisdangerous to the health of bumaob lOgs 
The fly may carry on us body the causative agent of rnlesunal diseases such as typhoid 
fever dysentery and cholera from the excreta to food supplies or deposit various 
itucroorgamsms in its excreta Wenyon has shown that the E hxiielytua ingested in 
the encysted form may he passed m the faeces n to 40 hours later In the case of 
over 30 different disease microorganisms and parasitic worms actual laboratory proof 
of transrtussion exists and where tacking isreplactd by nrcumstantial evidence amount 
ing almost to certainty The house fly has been found to breed freely In hog manure 
and to some extent in cow manure InfactitwtU when necessary lay its eggs on a 
great vanety of decaying vegetable and animal roatenal Dunn has stated that in 
I anama a fly may deposit as many as *367 eggs 10 ai groups and sometimes an interval 
of only 36 hours may occur between the deposition of large numbers of eggs 

PeMer of Emergence from the 5e«/~A few hours before pupation the larvae migrate 
from their feeding ground in search of a favorabi place in which to pass the pupa stage 
They may crawl considerable distances from the i lace of their ongm to pupate in the 
ground or in other loo e material The adult fly upon emerging from the pupariom 
worts Us way upward to the surface \Vallace states that the newly latched fly is 
able to ac omplish this through the inflation and deflation of a frontal sac attached to 
the head between the eyes Experiments showed that house flies on emerging from the 
pupae were able to penetrate a covenng of 6 to 7 inches of garden soil and a double layer 
of j mm mesh mosquito netting Passage through the netting was made by inserting 
the sac witbm the mesh wwd then swflaUng Wsth expanding of the wings to final 
development after exposure to air the capacity for inflating the frontal sac is lost 
Fly Popert and Poisons— - The use of atickv flv papers in the destruction of Ries is 
well known and fly poison preparatiODS are common A very effective fly poison is 
toad by addini, 3 teaspoonfuls of commercial formalin to a pint of milt or water sweet 
eoed with brown sugar A eonvemenl way of exposing this poison is by partly '*'5 
an ordinary drinking glass with the solubon A saucer or plate is then lined with white 
blotting paper cut the size of the d sh and placed bottom up over the glass The whole 
1 then quicHv inverted and a small match stick placed under the edge of the glass 
'll the solution evaporates from (he paper Duare flows out from the glass and aulomali 
cally renews the supply , „ , v,. 

Fly Waps may be used to advantage in decreasing the number of flies not only ror 
immediate results but because of the chance that they may be disposed of poor to ovi 
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deposit Expenments with marled flies sboned that tie house fly may travel as far 
as II miles in 4 to 7 days Some flies ncre caught as ( r as 17 miles from the point of 
liberation The length of flight indicates the necess ty for using traps as nell as con 
Irol of local breeding places An cSective inexpeosi e and serviceable trap may be 
made with four wooden barrel hoops one barrel head four laths together with the 
necessary wire mesh screening The trap consists essenti lly of a screen cyhnder with 
a frame made of the barrel hoops and lath in the bottom of which is inserted a screen 
cone The he ght of the cyl nder is 24 inches the diameter tS inches and the cone 22 
inches in height and r8 inches n diameter at the base The effectiveness of the traps 
will depend upon the sel ction of baits A good bait for house flies is i part of molasses 
to 3 parts of water after the mirlure has fermented for a day or two Overripe or 
fermenting bananas give good results blcv ise a mitluie of equal parts of brown sugar 
a d curd of sotir null thoroughly m isle ed after it has stood for three or four dajs 

Prnt itien b} Fly Brttd h/ — Th most logical method of abating the fly nuisance is 
the elimination or treatment of all b eedi g places The destruction of adult flies is 
at best only a temporary erped ent It 1 ad isable that all manure be placed when 
practicable and as soon as possible after it is oided in fly tight pits or bins constructed 
preferal ly of concrete The essential point is that flies be prevented from reaching the 
manure before it is placed in the container This frequently happens and fl es emerge 
before the container is emptied To obviate ihees ape of n v ly hatched flies openings 
Urge enough to attract fl es to the b^bt may be made n tie cover and tie openings 
covered with 0 di ary conical traps arra ged so the bottoms of the traps will £t closely 
to the cover 

Cktmtcal Triilmt I / Ifani re — U ith the object of finding some cheap chemical 
whieh-would be effecti e in destroying llv larvae iihout r during the fertiL ng value 
the llureau of Entomology conducted a enesof expenraents w ith a number of chemicals 
Of the substances tried powde ed hellebore gave excellent res Iis V atery extract 
p (pared by adding one half p und fthep wder to 10 gallons of water and allowed to 
stand 34 hours is then spnnUed over the manure in the proportion ol to gallons to 
every to eu ft This treatment results in the desiruct on f S3 to jg 

It is ho ever somewhat p sonous to live si ck 

knother chemical even mor fleet e as a lar icide is powdered borax The mini 
mum amount necessarv to kill fly Urvae was found to b one pound to 16 cubic feet 
In this proportion 90*^ of the lar ae vete destroyed and h vier appUcatons killed 
from 98 to 99^ Best results obia n d whe the borax « as appli d in solution or 
when water was sprinkled after Ibe bo a bad be n scatt red evenly over the manure 
Apphed in the 1 tier man er one half pound of calcium cy n mid and one half pound 
acid phosphate pe bushel of m nu g e a apparent larvic dal action of 

Trap for Iht DesI I » 0/ Fly Lenar — 1 his m th d is b sed on the fact that larvae 
of the bouse fly show a strong tendency • migrate a fen hou s before pupation The 
manure is pi ced upon a slatted platio m hich stands about 1 foot above a concrete 
floor A rim of concrete 4 I chrs high and integral tb t 5 tr unds the floor which is 
s1 ped toward one c rner Er m th s o er a pipe leads to a small cistern nearby 
The pipe is stoppered and (he concrete floor filed w Ui ter to a depth of on inch in 
the shallowest part kkhenth 1 erag te they drop into the w ter are drowned 
and subsrquentlv washed into the astern The platf rm beneath must be kept f ee of 
accumulatio sofma ure and moisture ppt ed ttgularlv to the pile to dri e the larvae 

C tiif cl Heap t — \nalher method ecommended by English writers consists in 
building the manure in a compact rectangular heap the s des of which are beaten hard 
wilhshovcls Loo e stra V IS pla da nd the pile about foot from the edge The 
exclusion of air to ther w iih the hi her temperature and gases formed by f rmenution 
tend to make CO ditions unfav cable for the d elopmenl of 8v larvae Those which 
do de elop m grate and pupat i th straw surround g the heap where they may be 
destroyed by bu mg I Urge camps during the k\otld k\ar manure w s cl sely 
P eked daily and the surface thor ughty d euched with an emul n of crude tar oil and 
soap In the proporti nof igall npersqu reyard Itwasfou d necessary in conjunc 
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tion With this method to attempt concurrent destruction of the adult flies Accordingly 
oif drums ■« ere turned cm end and a solution of of sodium arsemte m water contain 
mg gljcennc and s'‘o sugar was poured in the saucer like depression m the top 
The (lies collected in masses and were killed in enormous numbers 

4t hile hor e manure produces the greatest number of flies breedin" in other material 
should also he pretented farbage and other orgam matter must be placed in fly 
tight containers until collected and all decaying vegetable and animal matter must be 
properly disposed of bj incineration or burying 

—An eflicierit insecticide for flies co kroache moths ticks bedbug! some 
species of ants and many other insects may be easily prepared by tnjnng pyrethrum 
flowers mth kerosene turpentine substitute or other similar hydrocarbon oil m the 
proportion of 7 pound of pj rethrum the pondered orcoarselvground flowers may also 
be used to i gallon of the oil The mietute is allowed to stand two to three davs and 
then percolated orice One percolation removes about 55^'^ of the active principle 
The resulting solution if spray^ directly on the insects has a paralytic action and causes 
death within a fei minutes In the case of cockroaches and bedbugs which are noe 
turnal in their habits jt may be applied m Ibe evening freejv to the places /re^uented 
by them 

Flit and various aitnikt ptopmtaty sprays ate very eSective again t flies and 
other insects but their use is limited by cspense 

Mosquitoes— 'Measures for the control and destruction of mosquitoes involve the 
elimination of breeding places by filling drainage both surface and sub-surface 
introduction of sea water into areas of fresh water trimming and cleaning of banks oi 
streams and lakes cutting of brush and grass together with the elimination or screening 
of any formation natural or artificial capable of holding water such as ram barrels 
cisterns pails hoofpnnts hollow trees plants gutters orange peel tm cans and 
empty bottles 

^4hen drainage filling and tie use of fish are not practicable vanous larviadal 
agents may be employed The most common of these are petroleum both crude and 
refined old crank case oil diluted v ith 5 parts of kerosene and i of castor oil crude 
phenol crcsol Pans green and the $o<alJed Panama larvicide The latter which was 
successfully used by Mason is compounded as foltov s Add roo pounds po vdered resin 
(0 ija gallons crude phenol Ifeat mieture to tit P until uniform hqmd is obtained 
Di solve 30 pounds isustic soda in 6 gallons of water and add to mieture stirring 
bnskly Keep at boiling point until a sample iramediateh emulsifies with water The 
larvicide in a t to 1000 emulsion kills mosquito htvae in one to five minutes in a i to 
5000 emulsion in 30 minutes Sprinkled upon the water in a lO^ emulsion so as to 
form about a i to jooo solution it spreads rapidly through the i ater and kills all larvae 
with which It comes m contact TTie larviade should not be used with oil or to dluie 
oil as the soapy characteri tics inteifere with satisfactory filmm„ Efficacy is impaired 
by eeposure to air Costs ay to 30 cents pet gallon 

Parber and Hayoe found Pans green effective 10 dcstrov mg anoph line larvae The 
application of insecii idal dusts by aeroplane was first demonstrated by the 4rmy Ait 
Servi e in cooperation with the Ohio Stale ripenmental Station in August igri and 
etcellent results have been obtained in the United States in the distribution of Pans 


gt en by this method 

Expenments conducted at Quaotico \a m igiff showed the effective quantity 01 
Pans green to be one pound per acre Flying at ao altitude of 100 feet or les< a 

mirture with powdered soap stone or hydrate lime was effecti e la winds of great j 

velocity and at altitudes greater than 100 feet a $0^ mixture w as required Mavenal 
costs about 70 cents per acre per season Road dust sand ashes flour sawdust and 
other material have been mentioned as satisfactory diluents In treating small areas 

good e uUsbavefoUowedtheuseofai'r nuxtureof PansRreenmroaddustdistnbuted 

by a band machine such as the Champion dusters Griflitls found that a mixture of 
wet sand and Paris green is apparently lethal to sub surface as well as surface feedi g 
mosquito larvae Local contitiims however determine the methods which will five 
ibe best it wUs la each locality The use of I ans g«en-dust mixture was found to be 
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of little \alue in Panama not only on acanmt of the difficulty m keeping the mitture 
drv dunng the long rainy season but because most of the powder wovill adhere to the 
most surfaces of the vegetation and little of it nould reach the surface of the 

hfan} species of anopheles after becoming engorged nith blood are so encumbered 
that they ordinarily do not fly for a considerable period of time but rest in suitable 
shaded places near the local on n here the blood meal n as obtained Darling has shown 
that about two and one half days elapse after feeding before the blood meal is expelled 
Recently en orged anopheles at rest are relati ely easy to destroy They may be 
collected on a layer of cotton in a b tile containing kerosene or chlo oform or in a 
Gnffitt s catching tube The o d nary fly s alter or the pyrethrum kerosene spray 
noted abo e in the control of flies may be used (o advantage The former method 
however preserves the mosquito w thout mut bt on for the purpose of identiflcatioi 
Thorough screening of buildings in malarious districts and segregation of foreigners 
far apart from native villages are important preventive measures Repellants are 
poor substitutes for screemng Sprays are useful in enclo ed spaces ^ee also p 1744 

The Bedbug —This insect which is nocturnal in its habits has been recognized since 
the beg n ing of recorded history and asa result of close association with man wherever 
he has gone exhibits a cons derable degree of cauti n intelligence and cunning in the 
selection of places ol concealment d n g the day The bedbug has been known to 
attack human beings in broad daylight though no matlv feed g at Right 0 in the dark 
'While there is no convincing evidence that this insect is the usual vector of di ease it 
has bee suspected m the transmission of kab aaar tropical sere Eu opean and African 
relapsing fever Chagas fever of Brazil tuberculosis leprosy and pi gue Successful 
inoculation if it occurs m these diseases probably suits from the acc dental ca nage 
of the causati e agent on the mouth pa ts Fe«j ng requires from 5 to 0 minutes 
alter v hich the 1 sect retires to its pUce of concealment for the 6 10 10 daya ecessary 
for digestion and molti g or if in the adult stage for ovideposit Dunng hot weather 
the eggs hatch in from 7 to edays Itmaysu w efo ayearandperh ps even longer 
without food Distnbution is commonly effected by art Us ordinarily used by man 
such as clothing laundry and traveling accessories Its habitats are c acks and 
crevices in furniture buildi gs ships or car Balfour records that dunng a campaign 
in East \fr c bedbugs w ere found with u the cork I n ng of helmets At one camp 
the helmets were deposited together at night and the infestation became almost general 
The house centipede cockroach and the common red bouse ant are said to be natur 1 
enemies but are of hctle imp rtance in the control of bedbugs 

EraJ calicn — A temperature of from pb to 100 F accompanied with a high tela 
ti e humid ty will kill newly batched bedbugs w Uhi a few days and 13 F withina 
few minutes The higher temperature will also destroy the eggs Clothing and bed 
dipg may be exposed daily to fresh air and sunlight Steam hot water and the blow 
torch are effective where they ca be appi d A bag disi fector mav be readily con 
structed of heavy canvas The upper end should be permane tly closed by sewing 
A small openi g should be in de t the top fo the int oduction of the nozzle or end of a 
steam hose and the lower end arranged so that it can be closed sufficiently to at least 
partially confine the steam 

S mpl meth ds of control consist of the liberal appLcation of kerosene benzene 
or any of the bghter petroleum oils eith r phm or containing 10'" of crude cresol 
with or without the addition of turpentine and applied with brushes or bv injecting 
with syringes into all crevices of beds f rn t or walls \ here the in ects may be 
concealed Corrosive sublimate is of value if a strong solution is used The kerosene 
pyrethrum mi ture is lethal within a few seconds in y be applied bv brush spray or 
syringe and is pe baps the most tellable liqnid preparation 

Badly infested quarters may teqnre fnmgation Ilvdrocya icacid gas using 
S to 10 ounces of pot s urn cya i per 1000 cubic feet with an exposure of one hour 
IS very efficient b t must be inteHigently emploved on account of the dang r to human 
beings The f mes of burnini, sulphur destroy the insect in all stages including the 
egg and are of value where this method is not object onable The effective dosage 
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may be obtained by burning four pounds of sulphur for each looo cubic feet of space 
iMth an exposure period of at least six hours 

Ants — Thexe troublesorne insects may be destroyed by placing a ball of waste or 
cotton saturated with carbon bisulphide in the bureaus in the ground and then care 
(ullv scaling the opening with moist clay 

Calcium cx anide in the form of granules or dust is said to destroy effectively land 
crabs and ants On exposure to air this material slowly reacts with the moisture of 
the atmosphere and gives off hydrocyanic acid gas The chemical is placed in the 
burrows and the openings sealed with uct clay Irecautions must be taken to prevent 
poisoning b> h\ droey anic acid gas $n the storing and handling of calcium cj anide 
Other Arthropoda —Fleas seepages 7ooand 1741 Lice eepagei743 Sandflies 
see page par Scabms seepage 1493 Ticks see pages 333 and 1734 

CovTxoi or Mative Tropicau Races 

Whether or not he wishes the white man in the tropics must come in contact with 
natives and especially those who work under his direction or who serve him The 
following note made by Tearson and Monchet regarding the correct altitude to\ ards 
native assistants who are being trained are applicable towards any natives and maybe 
quoted here One can indeed tabulate the most important features of the attitude 
which will lead most quickly to (he confidence of the natives as follows 

1 jraintaici a quiet manner and never lose temper 

2 Be insistent as to obedience in all details Never pass over a neglect of duty 
however small 

3 Maintain reserve with natives Do not chat with them about matters out ide 
V ork Never joke with them 

4 Be as con iderate as pos ible but never weak 

$ Never forget a promise nor make one which you may not be able to keep 
MbiJeliviJ' in the tropic isgenerallv opposed to be deinm ntal to the health of 
while people as compared with natives statistics from several large citiri located in the 
tropics or subtropics show that there is a wide difference between the death rates of 
foreigners and natives in favor of the while race 

Simple health rules published by the Bureau of llealih Manila P I are quite to 
the point and may be ob etved without great difficulty 

It IB easier to maintain good health in the tropics than m the United States but in 
order to do 0 you should observe the following simple rul s 

Never dunk anv water unless it has been either boiled or distilled nor eat any 
raw vegetables If you observe this rule carefully you will probably never contract 
dysentery tvphoid fever cholera oc any other disea e that originates in the inteslmcs 
Disregard of this rule is responsible for the return to the United States of ovec 30*' of 
the invalids who leave these islands 

Fruit is wholesome and may generally be eaten raw with impunity provided it is 
of a kind that grows upon trees well above the ground 

Alcoholic stimulants are not necessary the advice of old residents to the con 
trary notwithstanding 

Generally di eaxe-carrynng mosquitoes Ayr only at night therefore alvays sleep 
under a good mo quilo net 

Finally observe the same hygienic rules that are applicable to temperate climates 
including those of phy sical exercise 

It may be added that the housing facibties should provide plenty of space good 
ventilation and be properly scr ered 
y^enereal disease must be avoided 

No family should live in remote pbccs where good medical cate is not immediately 
available as many tropical diseases are rapid and fatal in their action especially in 
children keatly changes of re idence to a cooler climate should be possible for be tb 
women and children 1 . i, 1. 

In conclusion it may be suted that the increasing demand for tropical products noth 
f«f food and for industrial purposes requires the altimate utilization by man of the ferti e 
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lands ID tbe trop cs id order to provide for his own future As E jlcman has stated 
Technical skill a dindustry backed bvsaence stickat nothing where thereiscjuestion 
of assist! g man 1 1 the strug le for life If he cannot be made fit f r tbe cl mate they 
make the chmate fit for him The so called temperate zone has only deserved this 
name s ace man has succeeded in maLing hunself to a great extent dependent of the 
inclemencies of tbe climate in creati g comfortable surroundings by means of adeQuate 
clothing the heating of his house etc The str ggle against the he t should lead to a 
similar result though more difficult to attain Refrigeration m and outdoors a con 
5 derable hghtenin of the task of the laborers by ever more perfected implements 
quicker means of communication wh ch reduce n eks to days dajsto hours and all 
that at s ch a moderate cost that it can be generally put into practice — ^to be sure it is 
not indulging in chimeras to bebeve this poss b btv m the future fn this 1 gbt the 
question of colomz uonisin tbe first place a techn caleconomical problem thesolution 
of \ hicb may be safely left to time Tbe spint of the times $ ot to be checked in its 
progress and hygiene too must go w tb the current trying by reliable nfoimalion to 
contribute its share in leadin it in the right direction 
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DISINFECTANTS AND DISINFESTANTS 

By disi fecUon is m ant tbe destruction of injun us lactena by slenlizati n 
the destruct on of all living thi gs Cernucides are subsUnccs nhich kill disease 
producing b ct na The term a tsepti which has been restncted technically 
to those substa ces which are minucal to the growth of bacteria has come to ha e a 
wider meam g The laym n will gen rally buy an ants ptic with tbe idea m 
m nd ih t t will pre e t infection by killing germs In 1 e » th a jud cial d cision 
that Language used in the label is to be given the meaning ordmanly onveyed bv it 
to those to whom it IS addres ed the Pureau of Chemistry U S Department of Agn 
eult re has held that tbe term antiseptic when used in the labehng of medicinal 
substances isobjrctionable unless thepieparat on when used as directed wiUaetuallv 
render pathogenic niicr org lusms imocuous 
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Deodorants mav or tnav cot be anbseptic or germicidal An insecticide mav or 
may not be a germicide and tire reria 

In disinfection we must consider 

1 Strength of solution It must always be kept in mind that the strength of 
a germicidal solution when added to an equal amount of material to be disinfected 
IS reduced in strength one half Thus J pint of s compound cresol solatioo added 
to I pint of faecal material has a disinfecting effect of a 2 solution 

2 Time of application A common mistake 1 to consider a few minutes as sufb 
went for contact of germ^onlaining material with the disinfectant In the faeces-cresol 
mixture above noted the action of the disinfectant should continue at least one hour 
before emptying the vessel 

3 Ivature of medium in whicli disinfectant acts Germicidal agents are much 
less effective against bacteria contained in material nch m orgamc matter than when 
in pure water 

4 Temperature Disinfecting solutions show greater power as the temperature 
rises and act less efCciently in the cold At 39 C they are active 

By Coefficient of Inhibition we mean time and concentration necessary to prevent 
development of bacteria 

By Inferior Lethal Coefficient we mean time and concentration necessary to kill 
non spore bearing bactena 

By Supenor Lethal Coefficient we mean time and concentration necessary to kill 
spore bearing bacteria 

Phenol Coefficients — In determining the gerrmcidal strength of a disinfectant 
against any given organism it is compared with that of phenol The Bureau of Chemis- 
try Department of AgneuUufe determines tbe phenol coeffiuents of disinfectants 
Under the provisions of tbe Food and Drugs Act and the Insecticide Act They are 
expressed as the B (ypAorur phenol coefficient S oureirt phenol coefficient etc depend 
ing upon the organism used m the determinations If mote powerful than phenot under 
the conditions of test the coefficient niU be greater than t The method employed by 
the Bureau of Chemistry is based on tbe Ridcal Walker and tbe Hygienic Laboratory 
method but differs from both in some respects 


Disinfeelonlt ifay B* (A) Pbysteal IB) Chemeal 

(A) Of tbe physical disinfectants we have 

1 Sunlight The red and yellow rays are practically inert the ultra violet most 
active Direct sunlight kills non spore bearing pathogenic organisms m from one to 
several hours depending upon moisture temperature and other conditions Exposure 
equivalent to 30 hours sunlight is usually required to kill anthrax spores 

2 Burning is effective when practicable 

3 Boiling 15 effici nl Ivon spore bearing bactena are killed almost instantly by 
a boiling temperature but spores may resist destruction for many hours at 100 C 
One must remember that the boiling point is lower at mountainous elevations 

4 Steam is extremely efficient when penetratiou is in ured 

(B) Chemical Dismfectants — Buhhn^e ef mercury is usually sold in the form of 

antiseptic tablets As a di infectaut tor tbe infectious diseases it is usually used m a 
strength of r-rooo The solution sbouh) be made W a ii ooden eoamtled or earthen 
ware vessel As bichloride forms inert albuminates it should not be used m dism 
fection of sputum faeces or any albuminous excreta It must be remembered that 
bichloride is a mordant so that any stains id soiled clothing will remain permanent 
For disinfection of clothing the material Aould be left in i-iooo bichloride for one 
hour Dishes for food should never be disinfected in bichloride on account of the 
danger from poisoning Floors and walls may be disinfected with s~jooo bichtonde 
8DD led with a mop Allow the soluuon to dry on the floor or walls . . , . 

So/K/m» cj iormatdehyie V SS contains not less than 377 of formaldcbyae 
A <r 7 dilution in water (to cc sol formaldehyde 9 S 0 « water) makes a satulactory 
disinfectant lor soiled clothing It is also valuable for albuminous material The 
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d 5 nftctant must act m a strength of s'” so that if ( pint of faeces is to be disinfected 
e should add to ita d I t onof theoffi lalsolut onand allow it to act for one hour 
Fumigat on with formaldehyde is employed only hen the object is to destroy 
bactena as the gas is valueless as an insectic de Such fumigation 1 now seldom con 
sidered necessary m public health practice FotmAld hyde is ethcient as a surface 
d sinfectant when the temperature is above 50 F and the air contains at least do'^ 
of moisture Owing to its lack of penetrabon the gas is not efficient for the d sinfection 
of mattresses or sitmlar articles 

\ con enient method of formaldehyde fumigAtion is to pour 500 cc of Solution 
of Formaldehvde on >50 Cm of banum diovide or potassium permanganate for each 
1000 cubic feet allow ng exposure for 6 to i hours 

In employing th s method take a pan partly hUel th water Place in this a 
second metal or glass receptacle contaiiuDg the barum do de or potassium perman 
ganate and pmr in the ‘Solution of Formaldehyde The gas is generated in great 
amounts in a few seconds The receptacle should be large enough to contain ro times 
the volume of the Solut o of Formaldebyd as there w a tendency for the mivture to 
foam over the sides of the cont i er 

Another practical method is to sp y sheets with formaldehyde solution The 
solution (37'” ) sh uld be sprayed on $h tssuspe ded in the roomie such a manner that 
the solution remains in small drops on tbe sheet ‘'p ay not kss than o ounces of 
Solution of rotmaldehvde lor each 1 oocubicfect Used in this way a sheet mil hold 
about s ounces v thout dripping or tbe drops running togethe The room must be 
sealed very t ghtly in d $ nfecting with tbi process and kept closed not less than twelve 
hours The methol I 1 nuted to 00m or apartments not etceed ng 000 cube feet 
Tbe fotmalm may also be sprayed pon tb n II floors and objects m the room 
PItnol—lt IS soluble in water to the e tent of about 5^ and in such strength it 1 
an efTcient disinfecta t The solution sboul) be made with h t water 

In standardising dsnf ctants phe ol is used as (be standard It is etpensive 
however and there is often d iTculiy n mak g up satisfactory solutions More 
efficient a d mo e convenient is the Li^ier Cresol s C p sttas I This may 
be prepared by miciog equal parts of cresot and soft soap Th s has a val e accord ng 
to tests mad in the Ilyg en c Labor to > f 3 making it m tests without organic 
matter three times as efficient as phenol Under s mil co ditions lysol had a value of 
s i creolin 3 a d t ikresot of > 

Tqual pa ts of a 5^ solution f Uq C esol Co and the fa ces urine or sputum 
to be d SI fected is satisfactory (or disinfection pro ded the mi ture is allowed to 
stand for one hour H ewe ould ha e the effect of a solution Liq Cresol 
Co (j^) is an evcell nt d infectant for contami ated bed clothing etc It is also 
most suitabl for th disinfection of floor and walk 

Si Ip! ole /Copper — Tb s salt in d lut ns 1 1 00 000 to 000000 has a remark 
able destructive effect on cetlam species of at ae up n snails and larvae of A nophelet 
llyd oge Pioxii] — A goiqii© will kill anthrax pores in three hours It is 
useful in treatm nt of anaerobic infecli ns as w th the gas bacillus When bydogen 
diovjde IS used in the p esence of blood or pus tbe catalase f the Utter rap dly decom 
poses the 11 O s that the d sinfecting po pidly disappears The q ably of 
hydrogen peroxide cann C be depe ded upo on account f its rapid deterioration 
L me — It must be remembered that air slaked lime is inert as a d sinfectant 
For disinfecting faeces freshly prep red milk of lime is e cellent It is made by mixing 
unslaked hmc with lour times its volume of water An equal quantity should be 
added to the faeces to be d s nfected 

Chlo inal d Li — This can be purchased m air light containers and when the 
package IS opened It shoull gi e off a po erf 1 dor of chlorine Trequently sampl 5 
fail to yield 30'“ of availabi chi nneftheUSP req iremcct) 

Foraworlungd nt ctant solutiioald ipoundio a gallonsof water allow insoluble 
matter to settle and dc ant the clear hq d Thi is satisfactory lor m pping floors 
and for disinfecting faeces, p tun ndun e cqualpartsoflhee cretaandd sinfecti g 
solution bei g mi ed and flowed to stand for one hour 
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CMonne — Th« use ol cblonne la the dmatecUoa of dnnking water has I een con 
sidered above see page 1729 

Eusol — A solution containing o *7"^ hypochlorous acid and known as eusol has 
been highly recommended in the treatment of gas gangrene wounds To make it 
put xa 5 grams chlorinated lime (bleaching powder) in a Winchester quart flask and 
cover with a liter of water After thorough shaking add i* s grams of boric acid 
After again shaking the mixture should stand for a few hours and then be filtered 
through cotton wool The clear solution is euial It must be kept in tightly closed 
bottles 

Chloramine T —This chlorine antiseptic is more stable than hypochlonte solutions 
and can be used in greater concentration It is non toxic and readily soluble in water 
It IS usually used in solution in the treatment of wounds Cauze which has been 
impregnated with a s'" solution and dried can be used in bght pacbng of wounds 
In the eye ox*" (i-iooo) in physiological sabne is eiLcacious and non iintadng 
Dichloramtne T — This like chloramine T is a cryttslhne substsnce but is practi 
cally insoluble in w ater It is a very active germicide In use it is dissolved in chlon 
nated cuealyptol or better stiU chlonnated paraffin wax (chlorcosanc) For treatment 
of infected wounds it is used in 65 to 10'" sireogib the chlonnated oilsolufien of tie 
antiseptic being sprayed on the wound or gauze covering the wound 

Of the dyestuffs recommended as germicides this is better adapted 
to the purpose than malachite green or brilliant green Acnflavine or flavine as it 
IS also called acts more elTiciently in serum mixtures than in aqueous ones and is less 
injurious to tissue than most other antiseptics It is generally used m x-rooo solution 
in salt solution and makes a good net dressing when gauze u soaked m such a solution 
Daktn t Solution —The best known and most widely used of the disinfectants of 
the chlorine group is a neutral sodium hypochlonte solution called Dakin s solution 
This contains not more than o or less (ban 04$% l^aOCl in a neutral solution 
The usual method of preparing Dakin s solution is to make a i 4^ solution of 
anhydrous NsiCOt and slowly introduce chbnne gas from a cylinder provided with a 
flowmeter adding 4 8 Cm or 1600 cc of gas per bier of solution To titrate remove 
10 ce add sj cc of v ater 5 cc of 10^ KI solution and a cc glacial acetic acid Add 
from a burette N/io sodium thiosulphate solution until brown color is discharged 
Amount should be from izi to 134 ce If necessary dilute with 14^“ ^»»C 0 
solution Test reaction with pbenolphtbalein as described below 

The following method of preparing Dakins solution was formerly used in the 
chemical laboratory of the Pvaval Medical School and is recommended if chlorine gas 
in cylinders is not available 

(A) Bleaching powder 
\Sater 

Shake to mix thoroughly 

(B) Sodium carbonate 
Sodium bicarbonate 
Hater 

Dissolve completely 

JIix A and B and shake vigorously for y-ro minutes or allow to stand in a closed 
container a few hours Then filter This filtrate is the Dakins solution which will 
be neutral to solid phenolphthxlcin (flash of red with alcohobc solution) but will 
contain about tv 0 to three times the amount of NaOCl required Determine exact 
per cent of NaOCl and dilute to pre^r strength as follow s 

Putiocc of the filtered Dakin s solution in a xoo ce volumetric flask Addeoce 
of 10^ KI and 1 cc ol glacial acctie aad DtUite to mark nith UiO and mix thor 
oufihly Put this wineK:olored solution in a burette In Erlenmeycr flask put $ cc 
of N/io sodium thiosulphate (14 8 Cm NatSiOs sJI O per liter of fl O) and add a cc 
of starch paste for an indicator (The starch paste is best made by mixing i-i Cm of 
slarchwiUiabout xocc coldwaterandpouniigthisintopocc of boihngwater) From 
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Ibe burette run this solution into the 5 cc of thiosulphate until a faint blue color results 
Tbi IS the end po nt Tahe the readme on the burette and calculate the per cent 
NaOCl as follows 
Calculat on 

t8 6 e 

; — T": z r = per cent NaOCI 

cc of solution from burette 

= the number of cc of above solution lea 1 ed to dilute to 

per cent NaOCI ^ 

100 cc to make oi'" NaOCI 

Example 

29 cc of solution from the burette were required to reach the end point 
186 5 

^ •= o 64"' NaOa 

29 

- 77 88 cc So take 77 83 ee of the Dakin s solution and dilute to 100 cc 

Thvsviill 5i\e 0 j”* NaOCI the requited pet tent 
Equations involved in the above are as f llous 

CaCl(OCl) + Na CO - NaOCI + NaQ + CaCO 
NaOa + HC H O - HOCI + NaC.JI 0 
2KI + jHC.H O, - 2111 + jKC If O 
HOCI + 2fti - 1 +na + HO 
I + N S O sir O - Na S O. + iNal + loH 0 

Disinfest AMTS 

By disinfestantt vit mean those agents used for the destruction of rodents and 


Caseous D tinf slants 

Ataoog the furovgants effective against both odents tid i sects we ha e sulphut 
d otide hydrocyan acid g s Zykion B h ch «as authonaed for use m the Tublic 
Health Service m 1926 and cyanogen chloride gas These are destructi etoallfonns 
of animal life Hydrocyanic acid g s a d cyanogen chi nde ga do not injuriously 
aflctmcrcha dise te ties etc and require ksa tim for exposure than sulphur dioxide 
Alth ugh sulphu dioxide has the manifest disad antagesof rotting fibresof textilesand 
bl achi g certain dyed f bncs its safety of appicaton mak s its use preferable to 
cyan de f migants by those inexperienced in large scale fumigation Pnor to funuga 
lion of vessels the crew h uld be raiisleredandallab entees account* i for m order that 
n ne might remain in the compatCments to befumi ated Thereafter measures should 
be taken to p event the entry of a v unauthon ed person to such compartments until 
the medical olTcer has pronounced them safe for occupancy In fumigating for rats 
a check is made after fum g t on I insure that no rats em in al e If necessary 
fumigation is repe ted After fumigation h tches ventilators d rs etc are opened 
f m the outsde The P bbc Health ^rvice uses Aerolhrasls (portable gasoline 
motors with irplan bl dc f ns to lemo e the g s from b Ids and spaces h vmg poor 
entil tion) They do not enter the superstructure tor at 1 ast ij m nutes after open 
mg up and do ot enter the holds nt I they have been open an hour In add lion a 
tame rat in a cage is lowered to the bottom of tb b Id and I ft for at 1 ast five minutes 
to lest (or hydrocyanic acid gas or cyanogen cblor deg s If the rat is unaffected the 
medical officer goes personally or bserv s one of h men go through all the compatt 
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menls before thej are declared safe lor occupancy Men doing this carry an anti 
cyanide gas mask m the alert position arc equipped with searchlights and are watched 
from the deck 

Sulphur Dioxide -~Vat destruction of tuts 5 pounds of roll or sublimed sulphur 
arc burned per 1000 cubic feet of space bballow pans should be used for the sulphur 
which IS sprinkled with alcohol and ignited Precautions should be taken against 
fire by elevating the pans by means of bncks etc in a larger vessel containing water 
Exposure for six hours is necessary Two pounds of sulphur per 1000 cubic feet with 
two hours exposure are sufTicicrit for destruction of mosquitoes whereas (or body lice 
four pounds per looo cubic feet with sit hours exposure are required Liquefied sulphur 
dioxide may be employed instead of burning sulphur two pounds of the gas being 
substituted tor each pound of sulphur Machinery may be protected from the action 
of sulphur dioxide by coating the metal pans with lubricating grease If clothing is 
washed immediately after sulphur fumigation the rotting effect will be lessened 

llydroe^iiiiie leid Cur —For destruction of rats; oz sodium cyanide of high punty 
7>2 02 commercial sulphuric acid (66It) and looz water are required for each looo cubic 
feet of space Fxposure for two hours is necessary The water is placed m a crock 
and the acid is run in cab tiously immediately before fumigation la order to taleadvao 
tage of the heat generated Tlie sodium cyamje contained in a cloth big is dropped 
in the diluted acid by an operator who nears a special anti cyanide gas mask The 
ordinary military gas mask does not protect against hydrocyanic acid gasandcyaaoEcn 
chloride ^odmm cyanide eggs of the proper weight are to be preferred to the 
loose cyanide Liquid hydrocyanic aadmcybiiders is rdicj »t but dangerous to trsns 
port for generation of IICV (or destruction of insects Creel ond laget employed 
materials in the following proportions potassium cyanide 1 part commercial sulphuric 
acid (6611) s parts and water r>2 parts by xieight Ihefollowmg amounts of potassium 
cyamcle pet 1000 cul ic feet of space were recommended for tnosquitots 04 ounce ij 
minutes exposure for W fuigr g ounces exposure for one hour for Wyficr to ounces 
two hours exposure for roccAer 10 ounces one hour exposure 

The Public Health Service now use Zykion DiKOids (a trade name of American 
Cyanamid & Chemical Corporation) These contain s pet cent chlorpienn (a lacritna 
tor) With ItCN absorbed in poper pulp which is cut out in the form of thin discs 
Two ounces IICN per 1000 cubic feet of space ate used 

Cyatioitn Chloride Car— This gas has been used as a substitute for hydrocyanic 
acid gas Its lachrymatory and irritant properties even m non lethal coneentration 
are efficient to warn of its picsence It does not injure foodstuffs textiles etc For 
fumigation against rats the Public Health Service has employed 4 02 sodium cyanide 
o 8 to I d 02 sodium chlorate (exact amount vanes with con itions not yet determined) 
170Z commercial hydrocbJoHC aad tndijot of water p» / 1000 eul«c feet of space 
The acid and water are mixed in barrels crocks or buckets and the sacks containing the 
dry chemicals are dropped into the mixture by men wearing anti cyanide gas masks 
Lggs containing a mixlute of sodium cyanide and sodium chlorate may be pur 
chased and will obviate the hazard connected xiith mixing the loose chemicals 

Pulieides —For destruction of rat fleas one must accomplish the simultaneous 
destruction of rats by fumigation bait poison trapping etc 

Among the liquid pulicides »e have (i) crude petroleum (fuel oil) which Is at times 
called restenne (r) an emulsion of kerosene oil made as follows Leroseuc ro parts 
soft soap I part and water 5 parts The soap is dissolved in the water by the aid of heat 
and the kerosene gradually stirred into (be hot mixture 

AsageMerafinsrc/iciifeamixtureofoapetcentpyrethrins festers of the monovalent 
and divalent chrysanthemum acids) and t j per cent B B thiocyanodiethyl ether 
(5per cent Lethane 384 a trade nameof Rohm 8t Haas for jopercentby volume of the 
aliphatic thiocyanate) in deodorized kerosene is a very efrcient liquid insecticide 
(iprav) As a supplement to the spray a mixture in an inert earner (sulphur talc or 
eJav) of pyrethrum powder and powdered derns or cube in such proportions as to give a 
content of o 4 per cent pyrethrins and i per cent rotenone yields a highly successful 
insecticide powder 
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Carh xidt gas (a trade name of TTmon Carbide and Carbon Cienucals Corporation) 
ai ch contains 10 per cent ethylene trade m carbon dioride has been found useful as 
an insecticide 'nhen emplijed in the concentratio 1 of 6 pounds per 1000 cubic feet of 
space The period of fumigation requ red is 3 hours (for a sealed space) (See also 
P ?'») 

Pedicubcides — Owing to the great mpo ta ce of lice in transmitting, typhus 
fever trench fever and relapsing fever thei dest action i a vital cons deration 

Althou h the body louse is the important t a strutting agent the head louse and 
poss bly the crab louse should also be dest o>ed 

The subject of pedicutosi has been much d scussed on account of its importance 
among the troops in the World «ar 

F thi desir cl an a/ head Uce Pernet recommended 
1 Prevention hair to be kept dose r pped and clean 
1 Forthemts wipe them off nith a solution of in3oph ol 
3 For the Lee themselves Unguentum hvdrargyn ammoni ti diluted (gra to i 

0 ) or any fatlj sticky body well rubbed into the back of the head Paraffin lamp 

0 1 (Lerose e) also good but not to be used neat an open Same or 1 ght 

Blanchard considers camphorated al ohol or varm vinegar containing i to 000 
corrosive sublimate as useful for head lice He also suggests the fum gation of clothes 
with tobacco as valuable for body hce 

For tkt d struct on of b dy t ceP net recommends 

s AH body and b d hnen and clothes should be baked 0 sterilired by bo Ung 
a Unguentum staphisagr ae should be appbed to neck bands of vests and shirt in 
the region of the neck 

3 Alkahne baths to soothe the irnlated skin 

Suhbm d sulphur or naphthab e spnnkled in the bed a d the elethesis very useful 
Castell ni and J cks n have gone most e tens elv into the matter of louse destruc 
tion Their conclusions are as folio s In regard to sohi and 1 quid insecticides the 
substances wb chhave been found to be deleterious to body hce arem the order of their 
efficiency Kerosene oil vaseline guaiacol am e preparations iodoform Ivsol cylhn 
and similar preparations phenol solution n phth lene camphor 

Pyrethrum has a cry feeble act n on bee and bone acid sulphur corrosive 
subhmate and einc sulphate when used m powder form have apparently no action 
whatever As regards bedbugs kerosene oil is the be 1 in ecticide Ke t to it comes 
guaiacol 0 e of the most active drugs of tb se ti ed 

Forridd g the body of Uct il e f It a g steps are estml al 
I The ha r of the body and head should be cbpped 

1 The subject should be bathed the e be g u ed f eely kerosene emulsion soap 
prepared by boiling part of soap 1 4 pa ts of water and then add g s parts of kero 
se e oil The resultant jelly when mixed with 4 parts of ater makes a liquid soap 
that is convenient to use and which may b apj^ed effecti ely 

3 Following the bath the body mav be anointed with kerosene special care teing 

de oted t the hairy parts Skin irritation may h r quire early removal of the 

oil 

4 It has been found that I ce on clothing remo d from the body may emain 
alive n ne day s and their eggs as long as f t> da s The cloth g therefore should 
be di infested by one ( the foUowin methods 

(a) Steam (6) boiling for five minutes ( ) compound c esol sol lion for 30 
m nutes (<f) f migants such assulph d oxide and hvdrocjanic acid g s Chlorpicnn 
has also been employed 

5 In the absence of faciUli s f r carrying out th steps d senbed or to prevent 
infe tat on subsequently dusting powde s a e sometimes used Of these the NCI 
powder containing c mmercial n phthal ne 96 Om c e 5 te j cc and iodoform 
a Cm IS the most widely known but Moore s powder — creo ote i cc s Iphur o $ 
Gm and talc 20 Gm ■ — is leas 1 itating a d is sa d to b six times as effect e It 
bas also been recommended to wn out the underclothes in compound cresol 
solut n and then dry thoiou bly or to imp egnate them with substances such as the 
b logenated phenols 
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ments before lhe> are declared safe for occupancy Men doing this carry an aati 
cyanide fas masl>. jn the alert position are equipped with searchlights and are watched 
frotn the deck 

Sulphur Dioxide — For destruction of rats s pounds of roll or sublimed sulphur 
are burned pet looo cubic feet of space Shallou pans should be used for the sulphur 
uhich IS sprinkled with alcohol and ignited Precautions should be taken against 
fire bj elevating the pans by means of bnclts etc in a larger vessel containing water 
Exposure for six hours is necessary Tno pounds of sulphur per rooo cubic feet with 
tvio hours exposure are sufTicient for destruction of mosquitoes whereas for body hce 
four pounds per looo cubic feet with six hours exposure are required Liquefied sulphur 
dioxide may be employed instead of burning sulphur two pounds of the gas being 
substituted for each pound of sulphur Machinery may be protected from the action 
of sulphur dioxide by coating the meta! parts with lubricating grease If clothing is 
washed immediately after sulphur fumigation the rotting effect will be lessened 

Il^ifet^autc IttdGat —For destruction of eats £ce sodium cyanide of high purity 
7>5 oz commercial xulphuricacid(66B) and 10 oz water are required for each tooo cubic 
feet of space Exposure for two hours is necessary The water is placed in a crock 
and the acid is tun in catitiously immediately before fumigation in order to take advan 
tage of the heal generated TTie sodium eyamde contained m a cloth bag is dropped 
in the diluted acid by an operator viho wears a special snti cyanide gas mask The 
ordinary military gas mask does not protect against hydrocyanic acid gas and cyanogen 
chloride Sodium cyanide eggs of the proper weight are to be preferred to the 
loose cyanide Liquid hydrocy ante acid in cylinders is cffiuent but dangerous to trans* 
port lor generation of IICV for destruction of insects Creel and Faget employed 
matenals in the following proportions potassium cyanide t part commercial sulphuric 
acid (66B) r parts and water parts by weight The following amounts of potassium 
cyanide per looo cubic feet of space were recommended for iiiosftaiort o 4 ounce 15 
minutes erposure he ted huge $ cvnccs exposure for one hour heMyl/ct loowet 
two hours exposure for roue/ier 10 ounces one hour exposure 

The Public Health Service now use Zykion Discoids (a trade name of American 
Cyanamid L Chemical Corporation) These contain j per cent chlorpicnn (a laenma 
tor) with HCV absorbed in (xper pulp which is cut out m the form of thin discs 
Two ounces HCN per 1000 cubic feet of space ate used 

Cyanogen Chloride Cat— This gas has been used as a substitute for hydrocyanic 
acid gas Its lachrymatory and irritant properties even in non lethal concentration 
are eflicienl to \ arn of its presence It does not injure foodstuffs textil s etc For 
fumigation against rats the Pubbe Health Service ha employed 4 oz sodium cyanide 
0 8 to I 6 oz sodium chlorate (exact amount vanes with con itions not yet determined) 
17 oz commercial hydrochlonc and andiyoz of water p t jooo cubic feel of space 
The acid and water arc mixed in barrels crocksor buckets and the sacks containing the 
dry chemicals ate dropped into the mixture by men wearing anii cyanide gas masks 
Eggs containing a mixture of sodium cyanide and sodium chlorate may be pur 
chased and will obviate the hazard connected with mixing the loose chemicals 

Pulieides — For destruction of »t fleas one must accoropbsh the simultaneous 
destruction of rats by fumigation bail poison trapping etc 

Among the liquid pulicides we have (1) crude petroleum (fuel oil) which is at times 
called Pesterine (a) an emul ion of kerosene oil made as follows Kerosene to parts 
soft soap 1 part and water s parts The soap is dissolved in the w aler by the aid of heat 
and the kerosene gradually stirred into the hot mixture 

As a general luteclicide a mixtureof 03 percent pyrethiins (esters of the monovalent 
and divalent chrysanthemum acids) and aj per cent BB thiocyanodiethyl 
(5 per centLethane 384 a trade name of Rohm & Haas for 30 per cent by volume of the 
aliphatic thiocyanate) in deodorized kerosene is a very efficient bquid insecticide 
(sprav) As a suj plement to the spray a imxture in an inert carrier (sulphur talc or 
clay) ofpyrethruni powder and powder^ dems or cube in such proportions as to give a 
content of 0 4 pec cent pyrethnns and i per cent rotenone yields a highly successful 
insecticide powder 
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The fumigants usually employed to desUov mosquitoes are dry sulphur dioxide 
pyrethrum and Mim s cuLcide (phenol camphor) The U S Public He 1th Service 
has also used hydrocyanic acid gas for Uus purpose 

Dry sulphur d oxide produced by burning a pounds of s Iphur for every 1000 cubic 
feet 13 very eSecti e if the spaces are made tight by stuffing or sealing alt cracks and 
opemngs Tv 0 hours exposure is suflicient The essets in vrh ch the sulphur is to be 
burned should rest on bncks or in a tub of sand to p event fi e but should not rest in 
vater as is done in ord nary fumigation It is said that in the abse ce of moisture 
sulphur dio ide causes no injury to household goods fabrics or metals 

Pyrethrum is u ed in the proportion of a pounds to 000 cub c feet The pon der 
IS Ignited and after tno hours exposure the mosquitoes must be 5 ept up carefully and 
burned as pyrethrum although it stuns the mosqu toes cannot be depended on to kill 
The e pense is another deterrent to its use 

hlims culicide is made by triturating equal parts of camphor and phenol The 
result g liquid is volatihsed by gent) heat 4 ounces being used for each 10 o cubic 
feet GoMberger states that like pv ethnim the fumes of this culicide st n but 
do not necessarily kill the moNjuitoes Care should be taken not to overheat this 
substance as the vapor is likely to catch fire The I mp us d to heat the contai r 
should stand in a vessel of nate for ibis re son In the ah ence of a convenient sup 
port apieceofsto ep pe is cut to form three legs An alcohol lamp is nserted to heat 
a fiat basin resting on the other end o! the pipe 

Creel and Faget found that exposure for 15 mi utes to the gas from 0 4 ounce of 
potassium cyanide per loee cubic feel of space was sufiic ent to kill mosquitoes The 
amo nt for roee cubK feet yields approximatelv part cyanogen to fisoe parts of air 
so dll te in fact as to practically elim nate all danger to human life On repeated 
occ sions we entered the funu ating om immeduiely upon opening the doors afte 
mo quito fumigation without n t ng any lU effects logen ratin^ the bydioevame 
and g s they used p t s um cyanide c p sulphuric acid (dSB) and water combined 
in the p oportiona by weight of t part evanide t parts acid and pa ta water 
For houses that cannot be sc eened pr perly by re son of their construction Coogle 
found conme ci 1 ere 9 te o I to be pract c I as a repellent for an pheline mosquitoes 
The ce li gs and walls of }$ bouses m various sections of an anopheline infested area 
wereiprayedintheptoporti n f gallon of creosote o U eosquatefeet Anophel ne 
m squitoes were fou d n all the hou es on se eral itspnor to the treatme t After 
spraying no anopheline mosquitoes ere found in any of these ho ses during three 
inspections at thr e we ks inte vals App rectly the occupants did not object t the 
creosote o 1 and no ill eSects w ere n ted n any of those who slept m the 00ms subse 
quent to the sptayi 

\olatleoils particularly citro ell pennyroyal lavender and cedar are commonly 
used on expo d p rts of the body as repelleuts Spint of camphor kerose e oil of 
peppermint oil of tar lemon juice a d ne atha e also b en recomme ded S motz 
recomme ds d lut n w th 4 p rt of liquid petrolatum to retard the evapo ation of oil 
of citronella Rep llents to be appi ed to the body a e poor substitutes for screen g 
wh n we have to do w th fective mosquitoes 

COUUUNICABLE DISEASE CONTBOL ON AiRCRAFt 
Following the action of an Intenialion 1 Convention for Aerial N vigat on at the 
Hague in 933 legul ti s conce g measures to p event the ntrod ction of com 
m nicable d sea s h e been establish d As regards pa se gers these follow the 
1 es adopted for other modes of transportation The c mmunicable d seases wh ch 
re the subject of spe Im su sae plagne cholera yellow fever exanthematous 
typhus and small p I these regni t s the period of incubation is recko ed as 

foil ws 6d ysfo plague 5 daysfor cholera 6daysfo yellowfever rs daysfor typhus 

andi4d ys for small p Perat at on and disinsectuation measures are prescribed 

when ind cated 

Mosquito Destruction. — \i cr ft from tropical countries are required to take steps 
t desli y mo quitoes before am al at a Umted States port This is accomplish d by 
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Raticjdes — For Targe scale cxlernunatioa of rats especially dunrg an outbreak 
of plague fumigation ^^lth sulphur dioxide b>(Iroc>anic acid gas or cyanogen chlonde 
gas IS the most efficient method Tor exterminating rats and in this nay second 
anly the rat fleas besides the ordinary poisons such as As P etc Rucker has rccom 
mended a poison composed of plaster of Pans 6 parts pulv erircd sugar i part and flour 
i parts This mixture should be exposed in dry place in open dishes fo attract the 
rats the edge of the dish may he smeared nith the oil in which sardines haie been 
packed Phosphorus is the base of many of the commercial rat poisons Its inflam 
mable nature is a drawback rurlhermore rats soon learn to recognize its odor and 
refuse to eat food containing this poison Ranum carbonate is highly regarded as a 
rat poison having neither taste nor odor It is mixed with meal and bacon fat — about 
I part of banum carbonate to 4 parts of meat In trapping rats one should frequently 
change the type of trap and always allow the traps to be placed about the storehouse 
without being set for a day or so to accustom the rat to its harmlessness Again they 
should be handled with gloves so that they may not carry the odor of man In the use 
of spring traps every effort should be made to disguise them by covering with saw dust 
straw chaff or meal Bactenal vaccines as the Danysr virus are not coostdered 
satisfactory and are dangerous as possible causes of food poisoning in man 

Lamevdes — hen dtavnage and filling of mosquito breeding areas are not practi 
cable and the use of fl h not possible various larvicidal agents may be used The 
most common of these are petroleum both crude and refined Panama larvicide 
(P 1734) crude phenol cresol and a mixture of soft soap and petroleum Trioxyme 
thytene (paraformaldehyde) has been mentioned by Roubaud and others as being 
efficient against anophelme larvae The Manne Rarracks at Quantico \a reported 
satisfactory results from the use of oiled sawdust in 1913 Barber and Jlayne pub* 
lished an account of the use of Pans green mixed with inert dust to form a surface 
deposit in igai The observation that Pans green is effective against the surface 
feeing anophehoes but has no effect on cuhane larvae has been conttmed by subse 
quent observers One pound per acre is efficient and in open water without vegetation 
much smaller quantities suffice Airplanes equipped with hoppers lend themselves 
to thorough and economical disinbution of larvicides The Department of Agriculture 
tried dusting with Pans green from airplanes manned by Army pilots in 19x3 Since 
that time airplanes have been used m vanous parts of the country to distnbute Pans 
green and oiled sawdust Oiled sav dust 1$ probably the best general larvicide for 
use in this manner Dry firie sav dust is impregnated with a mixture made from 
equal volumes of crank case oil and kerosene It takes four to ten days to effect saturi 
tion depending upon the kind of sawdust uwd Excess oil is permitted to dram from 
the impregnated sawdust before it is used 

Destruction of Mosquitoes — Measures of protection against the immediate danger 
of infection from the adult mosquito merit attention Screening fumigation repellents 
and swatting constitute the usual means 

Carter stated that wire screening with 16 meshes to the linear inch will exclude 
anophelines Number 18 screen (18 meshes to the inch) was adopted in the Isthmus 
to exclude Aedej aegypti which may pass through number 16 screen It is manifest 
that screening will not be effective unless particular attention is gi en to stopping up 
cracks around the doors window screens and elsewhere Holes through hich pipes 
pass drams fireplaces not in use and even key lioKs should pe seal d against mos 
quitoes Canvas strips were found by von E dorf to be convenient in making window 
screens and screen doors tight In quarters for temporary occupancy fine cloth 
netting nailed outside the windows and secured v ith battens will do In infected 
areas w here screening is not possible mosquito bars so mesh bobbinet should be used on 
beds but must be properly applied to afford protection They should be suspended so 
that they hang some distance over the mattress and ms de the head and foot pieces of 
the bed so that the edges may be tucked in snugly under the mattress when one goes to 

bed Howard stales tlal the veanng of veils and gloves after sundo n enforced at 
stations on the Ilalian railroads somejearsagoresultedm a great reduction of mabna 

* Russell (1940) has used successfully water instead of dust for dilution 
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The fumigiQts usually employed to destroy mosquitoes are dry sulphur dioxide 
P)-rethrum and Mims culiude (phenol-camplior) Tbs U S public Health Ser ice 
has also used hj droc) ante aad gas (or this purpose 

Dr) sulphur dioxide produced by butniug t pounds of sulphur for every 1000 cub c 
feet IS very effective if the paces are made tight by stuffing or sealing all cracks and 
openings Two hours exposure IS sufficient The vessels m which the sulphur is to be 
burned should rest on bncks or in a tub of $ nd to prevent fi e but should not rest m 
naier as is done m ordinary fumigation It » said (hat rn the absence of moisture 
sulphur dio ide causes no injury to household goods fabrics or metals 

Pyrethnim is used in the proportion of a pounds to 000 cubic feet The po der 
is Ignited and after two hours exposure the mosquitoes must be swept up carefully and 
burn d as pyretbrura although it stuns the mosquitoes cannot be depended on to k I] 
The expense is another deterrent to its use 

Mim s culicide is made by tnlu aling equal parts of camphor and phenol The 
resulting Lquid is volatilized by gentle heal 4 ounces being used for each 1000 cubic 
feet Goldberger stales that tike pv'ethrum (he fumes of tb s cuficide stun but 
do not necessarily kill (he mosquitoes Care should be taken not to ovetheat this 
substance as the vapor is bkelv to catch fire The lamp used to heat (he container 
sho Id stand m a vessel of water for this reason In the ab ence 0! a convenie t sup 
port a p eee of stovepipe is cut to form three I gs An alcohol lamp » inserted to heat 
a Sat basin resting on the other end of the pipe 

C eel and Taget found that exposure for 15 minutes to the gas from 0 4 ounce of 
potassium evamde per 1000 cubic feet of space was sufficient to kill mosq itoes Ihe 
am unt for looo cubic feet yields approximately i part cy anogen < dooo parti of air 
so dilute IB fact as to pract caiK cl ininate all danger to human life On repeated 
occtsioss we entered tb« fumigat og 00m immediately upon opening the doo s after 
m tq ito fumigation without notKing any ill eff cts In ge eratin^ the hydrocyanic 
ncid gas they used potassium cyanide c p sulphur c ac d (66B1 and water comb ned 
in the p opo tions by we ght of t part cyanide t pans acid and parts ater 
For houses that cannot be screened pr perly by reason of their construction Coogle 
found commercial creosote oil to be p act cal as epellent for nnopheline mosquitoes 
The ceilings and walls of S] houses in various sect ons f n ophcline infest^ area 
werespraycdinthepropo tion of 1 gallon of creosote oil to 400 quarefeet Anophel n 
mosquitoes were found in ail the b ussonse eral vmtsprioi to the treatment Aite 
spraying no anophel ne mosquitoe were f nd in y of these bouses during three 
inspections at three weeks intervals Apparenllv the oc upaots did not object to the 
creosote 0 I and no til effects were noted in any of those who slept n the rooms subs 
quent to the spraying 

VoUtleoils particularly citioneUa pennyroyal lavender and cedar are commonly 
used on exposed parts of (he body as rrpcMents Spint of camphor kerosene oil of 
peppermint oil of tar lemon jmee and vinegar ha e Iso b en recommended Samotz 
t commends d lution with 4 parts of liquid petrolatum to retard the evaporation of oil 
of citron 111 Repell nts to be appbed to the body are poor substitutes for screcniog 
when we have to do with i fective mosquitoes 

CouuxMCAatE Disease Control on Aiac*AfT 
Foil g the action of an International Conve ton for Aenal Ivavigatioa at the 
ffague 1 I03J regulatio s concemine measures to prevent the lotrod ction of com 
mun cable diseases ha e been e tabbied As reg rds passengers these follow tie 
hnes adopted for other m d s of liansportation The communicable diseases which 
are the sulject of spec 1 meas tes a e plague choler yellow fever exanthematous 
typhus and small pox I these rrgubtions the period of i cubation is reckoned as 
follows 6 davs for plague jdaysforrholera 6 days for yellow fever IJ day a for typhus 
and i4daysforsmiIlpox Te tization and disinsectization measures are prescribed 
when indicated 

Mosquito Destnietion. — Aircraft f om tropical eou tnes are required to take steps 
to d stroy mosqu toes before arrival at a United States port This is aecomphsbed by 
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Rsticides For large scale ertcnniution o! rats especian\ during an outbreak 
of plague fumigation with sulphur diOTide b>(Iroc}anic acid gis or cjanogen chlonde 
gas IS the most efficient method Tor exterminating rats and in Ibis way second 
atily the rat fleas besides the ordinary poisons such as As P etc Rucker has reeom 
mended a poison composed of plaster of Pans 6 parts polvenaed sugar r I art and flour 
a parts This imxlure should be exj osed in do place in open dishes To attract the 
tats the edge of the dish ma.jr be smeared with the oil in which sardines haie been 
packed Phosphorus is the base of many of the commercnl rat poisons Its inflam 
mable nature is a drawback Furthermore rats soon learn to recognize its odor and 
refuse to eat food containing this poisori Ilarium carbonate is highly regarded as a 
rat poison hasing neither taste nor odor It is iruxcd with meal and bacon fat — about 
i part oC hanum eaihonale to 4 patls of meal tn Uapping tats one should fcequentli 
change the type of trap and always allon the traps to be placed about the storehouse 
w ilhout being set for a day or so to accustom the rat to its hacmlessness \gam the) 
should be handled with glove so that they may not carry the odor of man In the u t 
of spring traps every effort should be made to disguise them by covenng with saw dust 
straw chaff or meal Baetrnal racemes as the Danysz xirus are not considered 
satisfactory and are dangerous as possible causes of food poisoning in man 

Lamcides — W hen drainage and 61ling of mosquito breeding areas are not practi 
cable and the use of fi h not possible various btvicidal agents mav he used The 
most common of these are petroleum both crude and refined paoama Jarvicide 
(p t734) crude phenol cresol and a mixture of soft soap and petroleum Tnoxyme 
thvlene (paraformaldehvde) has been mentioned by Roubaud and others a being 
efficient against anopheline larvae The Alanne Cairacks at Quantico ^a reported 
satisfactory results from the use of oiled sawdust m iptS Barber and Ilayse pub 
lished an account of the use of Pans green mixed with inert dust to form a urface 
deposit in 1911 The observation that fans green is effective against the surface 
feeding anophelmes but has no effect on culicin larvae has been confirmed by subse 
quent observers One pound per acre is efficient and m open water without vegetation 
much smaller quantities sulTee Airplanes equipped with hoppers lend themselves 
to thorough and economical distnbuuon of larvicides The Department of Agriculture 
tried dusting with Pans green from airplanes manned by Army pilots in 1913 Since 
that time airplanes have been osed in various parts of the country to distribute Pans 
green and oiled sawdust Oiled sawdust is probably tbe best general larvicide for 
use m this manner Dry fine sawdust » impregnated with a mixture made from 
equal volumes of crank case oil and kerosene It takes four to ten day s to effect satura 
tion depending upon the kind of sawdust used Excess oil is permitted to dram from 
the impregnated saw dust before it is used 

Destruetioii of Mosquitoes — "Measures of protection against the immed ate dan er 
of infection from the adult mosquito ment attention Screening furrugalion repellents 
and swatting con titute the u uat means 

Carter stated that wire screening with 16 meshes to the linear inch will exclude 
anophelmes Number j8 set en (18 meshes to the inch) was adopted in the Isthmus 
to exclude Aida oegy/ri which may pas throu h number 16 screen It is manifest 
that screening will not be effective unless particular attention is gi en to stopping up 
cracks around the doors window screens arid elsewhere Holes through which pip« 
pass drams fireplaces not in use and even key hole should pe sealed against mos- 
quitoes Canvas stops were found by voo Eadgrf to be convenient in making window 
screens and screen doors tight In quartets for t mporary occupancy fine cloth 
netting nailed outside the windows and secured v ith battens will do In infected 
areaxwherescreemngis not possiblemosqiuto bars lomeshbobbinet should beu edon 
beds but must be properly applied to afford protection They should be su pended so 
that they hang some distance o er the nuttrtss and inside the head and foot pieces of 
the bed so that the edg smay be tuckedinsnii«,ly under the mattress wh none goes to 
bed Howard states tlat the wearing of veils and glo%es after sundown enforced at 
stations on the Italian railroads some year* ago resulted in a great reduction of malsna 

• Russell (1940) has used successfully water instead of dust for d lut on 
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a new msectBCii^e spra>er which obviates dilGcnIties previously experienced and renders 
the process simple and effective Fieon pvrethrum aerosol i sued bs the quartermaster 
US \ has proved most efTcctive Insect repellent No 612 (2 ethjl hexanediol i 3) 
manufactured bj the National Carbon Corapan) has proved to be an excellent repellent 
fo Q>ingand cranling insects Indaloneisnsomeuhat less elTcient repellent D me 
(hvl phthal le 1 excellent and perhaps better against some speciis than 6 DDT 
(D chlor-d phen>t tnchlorethane) Cesar I or Neoad said I have been disco eredb> 
the Gcigy Company in S \ itzerland is p bablv the most supe lor of all insect cides 
It has however no acti n upon licks and no lethal effect on human itch mites 
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spraying a cuiicide mside the aircraft compartments which must not be toxic to human 
beings Furtheimcire it must bnnoninflamreahte 

The es«entia!s of the spray formeriy advocated were one part of pyrelhrum «rt«ct 
in ml and four parts o! a ight w} or tarioa mrachiotide The pyreibrum rxtcsct u 
such that one ga"cia of the extract contains the pyrethrms extracted from lo pounds 
of standard p)reihrum fioners the latter cofttauimg at leajt 09^* of pyrethnns »s 
determined by chcraicsl assaj The light oil » oae approiimatmg the characteristics 
of kerosene and may vary wilbio considerable limits provided the flash point is tot too 
low 

The mixtucc ma> be made up m any proportions of extract oil and caibcm tetra 
chloride providing only that the extract m at least ao'' ForexampJf rtioaybrany 
ofthefollo ing i part of extract Uith4 paiisof 01! t part extract 3 parts oil and 1 pert 
carbon tetrachloride tpart extract 2 parts oil and 2 parts carbon tetrachlonde 1 part 
extract i part of oil and 3 of carbon tetrachloride and t part extract and apartscaibon 
tetrachlonde Tie last named nasthe mixture that had been peeificaWy advocated by 
the Public Health “Service because it is to all intents and purposes completely nooin 
flammable Some objection has been raised lo tts use honever because the caibon 
tetrachloride is iiightly toxic Whether it is to be used or not is not of particular 
moment from 4 qiiarantise standpoint being a point which must be settled in accord 
ance with the ftre biward 

A«} of these nuxtun^ w hen spray ed through the air tn the form of vrry floe dreplctf 
in the amount of S cc per thousand cubic feet of space mlf fataWy poison wosquitaei 
ithin j to 10 minutes 

The action of the pyrethnns on mosquitoes and probably on other insects is due 
apparently to direct absorption folIoMing actual netting of the surface by the pyrethnni 
in solution It is for this reason that it is essential that at least ao? of the {mature 
be an oil that does not mmediately evaporate If too% carbon leiracblonde is used 
vith the same pyrethnn content the klhai effect is much less presumably due to the 
npid rvaporgUon of the carbon telfsthlonde omi she consequent prrcipitatios of the 
pyrethnns in solid form 

There has been objection made to the use of carbon tetmchlonde by some of the 
aviation executives Furthermore it i as suggested that a combinstion of pyreihni) 
and rotenone might be more e/Ticient and morecuhcidat (ban py retbrin atone Rotenooe 
IS a white costaltine compound obtained from derns and other plant soutcet The e 
questions b» e recently been studied by Asst Surgeon General C L Williams of the 
United States Tublic Heoltb Service snd a concentrated nonmilamtnable pyrethrum 
spray is now recommended which has been shown to be highly toxic to mosquitoes while 
practically innocuous to human bnogs In order to prevent especially the introduction 
into the United States of j’cllow fever through mosquitoes earned by aircraft from 
South Amencan and other forej„n furts to prevent the introduction 0/ Ane^ktUs 
iambtae from eastern South Amenca oto the southern part of the United States and to 
prevent the introducijon of any inopHdts from the west coast of the United States mto 
the Ifanauan islands the present United States Public Health rtgulaiions require that 
The operafing oif cisfs and pilots of aircraft from South American ports shell he 
instructed that during flight after taking off from the last foreign poet and before 
arriving at the first Atnencan port and also after leaving any United States insulat 
port and before aenving st any United States continental port each aircraft shall be 
adequately sprayed m ail accessible contpnrtcnents with a pyrelhrum spray which 
shall contain not leas than four tenths per cent pytetbnns and not less than twenty 
per cent of kerosene or a similar oil in amounts o( not less than five cubic centimeters 
ioT every thousand cubic feet of space and that during such spraying all openings 
into the aircraft shall be cl-osed and held closed for a period of not Jess than five minutes 
after prayxog is completed In the event that any aircraft fails to carry out sde 
quate disioseclization as kiere prescribed such di«nseefJ*ation shall be earned out by 
emolovecso/lhequaraft}ine*t*t os before ary persons on said gircfaftarepe/mitttdlo 
disembark In Repnnt No aifip U S PtiAttHtaUkPc^aris Vol 53 No 23 
W’llbams describes m detail Disrasectiaatioii of Aircraft and also the construction of 
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anew insecticide sprayer which ob late difficulties previou !y expet enced and renders 
the process s mpIeandefTecti e F roap} etbnim aerosol i sued b> Che qua te master 
U S 4 h s proved most effect ve I se t repellent No 612(2 ethyl hexaned ol 3) 
manufactured by the National Ca bon Companv has proved to be an e cellent repellent 
lorfi) gandcrawlng n eel Indaloireisasoinenhatl ss elbe ent ep Kent Pme 
thy! phthalate is e c llent and perhaps better against some spec than 61 DDT 
(Di hlo -diphenvl tr chlorethane) Gesarol or Neocid said t ha ebeend covered by 
the G y Company m Switzerland 1 ptobablv the m st supe 0 f all insecticides 
It has however no actnn upon ticks and no lethal effe t on human itch mites 
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